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(54) Expression of exogenous polynucleotide sequences in a vertebrate 

(57) A method for delivering an isolated polynucle- 
otide to the interior of a cell in a vertebrate, comprising 
the interstitial introduction of an isolated polynucleotide 
into a tissue of the vertebrate where the polynucleotide 
is taken up by the cells of the tissue and exerts a thera- 
peutic effect on the vertebrate. The method can be used 
to deliver a therapeutic polypeptide to the cells of the 
vertebrate, to provide an immune response upon in vivo 
translation of the polynucleotide, to deliver antisense 
polynucleotides, to deliver receptors to the cells of the 
vertebrate, or to provide transitory gene therapy 
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BACKGROUND OF THE INVENTION 

5 The present invention relates to introduction of naked DNA and RNA sequences into a vertebrate to achieve con- 

tra led expression of a polypeptide. It is useful in gene therapy, vaccination, and any therapeutic situation in which a 
polypeptide should be administered to cells in vivo. 

Current research in gene therapy has focused on "permanent" cures, in which DNA is integrated into the genome 
of the patient. Viral vectors are presently the most frequently used means for transforming the patient's cells and intro- 

io ducng DNA into the genome. In an indirect method, viral vectors, carrying new genetic information, are used to infect 
target cells removed from the body, and these cells are then re-implanted. Direct in vivo gene transfer into postnatal ani- 
mals has been reported for formulations of DNA encapsulated in liposomes and DNA entrapped in proteoliposomes 
containing viral envelope receptor proteins (Nicolau et al.. Proc. Natl. Acad Sri I ISA 80:1068-1072 (1983)- Kaneda et 
al., Scjeose 243:375-378 (1989); Mannino et al., Biptechniques 6:682-690 (1988). Positive results have also been 

is described with calcium phosphate co-precipitated DNA (Benvenisty and Reshef Proc. Natl. Acad Sri I isa 83:9551- 
9555 (1986)). ~~ 

The clinical application of gene therapy, as well as the utilization of recombinant retrovirus vectors has been 
delayed because of safety considerations. Integration of exogenous DNA into the genome of a cell can cause DNA 
damage and possible genetic changes in the recipient cell that could predispose to malignancy. A method which avoids 
20 these potential problems would be of significant benefit in making gene therapy safe and effective 

Vaccination with immunogenic proteins has eliminated or reduced the incidence of many diseases- however there 
are major difficulties in using proteins associated with other pathogens and disease states as immunogens. Many pro- 
tein antigens are not intrinsically immunogenic. More often, they are not effective as vaccines because of the manner 
in which the immune system operates. 
'5 The immune system of vertebrates consists of several interacting components. The best characterized and most 
important parts are the humoral and cellular (cytolytic) branches. Humoral immunity involves antibodies proteins which 
are secreted into the body fluids and which directly recognize an antigen. The cellular system, in contrast relies on spe- 
cial ceUs wh,ch recognize and kill other cells which are producing foreign antigens. This basic functional division reflects 
two different strategies of immune defense. Humoral immunity is mainly directed at antigens which are exogenous to 
o the animal whereas the cellular system responds to antigens which are actively synthesized within the animal 

Ant.body molecules, the effectors of humoral immunity, are secreted by special B lymphoid cells B cells in 
response to antigen. Antibodies can bind to and inactivate antigen directly (neutralizing antibodies) or activate other 
cells of the immune system to destroy the antigen. 

Cellular immune recognition is mediated by a special class of lymphoid cells, the cytotoxic T cells. These cells do 
not recogmze whole antigens but instead fhey respond to degraded peptide fragments thereof which appear on the sur- 
face of the target cell bound to proteins called class I major histocompatibility complex (MHC) molecules. Essentially all 
nucleated cells have class I molecules. It is believed that proteins produced within the cell are continually degraded to 
peptides as part of normal cellular metabolism. These fragments are bound to the MHC molecules and are transported 
„ T f" surface - Thus the cellular immune s V stem 's constantly monitoring the spectra of proteins produced in all cells 
40 m the body and is poised to eliminate any cells producing foreign antigens. 

Vaccination is the process of preparing an animal to respond to an antigen. Vaccination is more complex than 
immune recognition and involves not only B cells and cytotoxic T cells but other types of lymphoid cells as well During 
^TT' °f wh ^^ nize th e antigen (B cells or cytotoxic T cells) are clonally expanded. In addition, the pop- 
ulation of ancillary cells (helper T cells) specific for the antigen also increase. Vaccination also involves specialized anti- 
gen presenting cells which can process the antigen and display it in a form which can stimulate one of the two pathways 
Vaccination has changed little since the time of Louis Pasteur. A foreign antigen is introduced into an animal where 
it activates specif .c B cells by binding to surface immunoglobulins. It is also taken up by antigen processing cells 
wherein it is degraded, and appears in fragments on the surface of these cells bound to Class II MHC molecules Pep- 
tides bound to class II molecules are capable of stimulating the helper class of T cells. Both helper T cells and activated 
B cells are required to produce active humoral immunization. Cellular immunity is thought to be stimulated by a similar 
but poorly understood mechanism. 

Thus twodifferent and distinct pathways of antigen processing produce exogenous antigens bound to class II MHC 
mo ecu es where they can stimulate T helper cells, as well as endogenous proteins degraded and bound to class I MHC 
molecules and recognized by the cytotoxic class of T cells. 

™,I h ? re iS „' ittle ° r ?° di " e : ence in the distribution of MHC molecules. Essentially all nucleated cells express class I 
molecules whereas class II MHC proteins are restricted to some few types of lymphoid cells 

■ N T1 va "' nat, °" schemes wi " alwavs P rod ^e a humoral immune response. They may also provide cytotoxic 
7? SyS f m ^ teCt$ 3 vaccinated individual from subsequent challenge from a pathogen and can 
prevent the spread of an intracellular infection if the pathogen goes through an extracellular phase during its life cycle- 
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however, it can do relatively little to eliminate intracellular pathogens. Cytotoxic immunity complements the humoral sys- 
tem by eliminating the infected cells. Thus effective vaccination should activate both types of immunity. 

A cytotoxic T cell response is necessary to remove intracellular pathogens such as viruses as well as malignant 
cells. It has proven difficult to present an exogenousiy administered antigen in adequate concentrations in conjunction 
5 with Class I molecules to assure an adequate response. This has severely hindered the development of vaccines 
against tumor-specific antigens (e.g., on breast or colon cancer cells), and against weakly immunogenic viral proteins 
(e.g., HIV, Herpes, non-A, non-B hepatitis, CMV and EBV). 

It would be desirable to provide a cellular immune response alone in immunizing against agents such as viruses for 
which antibodies have been shown to enhance infectivity. It would also be useful to provide such a response against 
10 both chronic and latent viral infections and against malignant cells. 

The use of synthetic peptide vaccines does not solve these problems because either the peptides do not readily 
associate with histocompatibility molecules, have a short serum half-life, are rapidly proteolyzed, or do not specifically 
localize to antigen-presenting monocytes and macrophages. At best, all exogenousiy administered antigens must com- 
pete with the universe of self-proteins for binding to antigen-presenting macrophages. 
is Major efforts have been mounted to elicit immune responses to poorly immunogenic viral proteins from the herpes 
viruses, non-A, non-B hepatitis, HIV, and the like. These pathogens are difficult and hazardous to propagate in vitro. As 
mentioned above, synthetic peptide vaccines corresponding to viral-encoded proteins have been made, but have 
severe pitfalls. Attempts have also been made to use vaccinia virus vectors to express proteins from other viruses. How- 
ever, the results have been disappointing, since (a) recombinant vaccinia viruses may be rapidly eliminated from the 
20 circulation in already immune individuals, and (b) the administration of complex viral antigens may induce a phenome- 
non known as "antigenic competition," in which weakly immunogenic portions of the virus fail to elicit an immune 
response because they are out-competed by other more potent regions of the administered antigen. 

Another major problem with protein or peptide vaccines is anaphylactic reaction which can occur when injections 
of antigen are repeated in efforts to produce a potent immune response. In this phenomenon, IgE antibodies formed in 
25 response to the antigen cause severe and sometimes fatal allergic reactions. 

Accordingly, there is a need for a method for invoking a safe and effective immune response to this type of .protein 
or polypeptide. Moreover, there is a great need for a method that wiii associate these antigens with Class I histocom- 
patibility antigens on the cell surface to elicit a cytotoxic T cell response, avoid anaphylaxis and proteolysis of the mate- 
rial in the serum, and facilitate localization of the material to monocytes and macrophages. 
30 A large number of disease states can benefit from the administration of therapeutic peptides. Such peptides include 
lymphokines, such as interleukin-2, tumor necrosis factor, and the interferons; growth factors, such as nerve growth fac- 
tor, epidermal growth factor, and human growth hormone; tissue plasminogen activator; factor VII l:C; granulocyte-mac- 
rophage colony-stimulating factor; erythropoietin; insulin; calcitonin; thymidine kinase; and the like. Moreover, selective 
delivery of toxic peptides (such as ricin, diphtheria toxin, or cobra venom factor) to diseased or neoplastic cells can have 
35 major therapeutic benefits. Current peptide delivery systems suffer from significant problems, including the inability to 
effectively incorporate functional cell surface receptors onto cell membranes, and the necessity of systemically admin- 
istering large quantities of the peptide (with resultant undesirable systemic side effects) in order to deliver a therapeutic 
amount of the peptide into or onto the target cell. 

These above-described problems associated with gene therapy, immunization, and delivery of therapeutic peptides 
40 to cells are addressed by the present invention. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 comprises autoradiograms of chromatographic studies showing the expression of the CAT gene in mouse 
45 muscle. 

Figure 2 comprises photomicrographs of muscle tissue stained for beta-galactosidase activity following injection 
with the pRSVLac-Z DNA vector. 

Figure 3 presents data for luciferase activity in muscle following the injection of pgLucpgA n into muscle. 

Figure 4 presents an autoradiogram of a Southern blot after analysis of extracts from pRSVL-injected muscle. 
so Figure 5 comprises graphs showing antibody production in mice following the injection of a gene for an immuno- 
genic peptide. 

Figure 6 comprises graphs showing antibody production in mice following the injection of mouse cells transfected 
with a gene for an immunogenic peptide. 

55 SUMMARY OF THE INVENTION 

The present invention provides a method for delivering a pharmaceutical or immunogenic polypeptide to the interior 
of a cell of a vertebrate in vivo, comprising the step of introducing a preparation comprising a pharmaceutically accept- 
able injectable carrier and a naked polynucleotide operatively coding for the polypeptide into the interstitial space of a 
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tissue comprising the celt, whereby the naked polynucleotide is taken up into the interior of the cell and has an immu- 
nogenic or pharmacological effect on the vertebrate. Also provided is a method for introducing a polynucleotide into 
muscle cells in vivo, comprising the steps of providing a composition comprising a naked polynucleotide in a pharma- 
ceutical acceptable carrier, and contacting the composition with muscle tissue of a vertebrate in vivo, whereby the 
5 polynucleotide is introduced into muscle cells of the tissue. The polynucleotide may be an antisense polynucleotide. 
Alternatively, the polynucleotide may code for a therapeutic peptide that is expressed by the muscle cells after the con- 
tacting step to provide therapy to the vertebrate. Similarly, it may code for an immunogenic peptide that is expressed by 
the muscle cells after the contacting step and which generates an immune response, thereby immunizing the verte- 
brate. 

io One particularly attractive aspect of the invention is a method for obtaining long term administration of a polypep- 
tide to a vertebrate, comprising the step of introducing a naked DNA sequence operatively coding for the polypeptide 
interstitially into tissue of the vertebrate, whereby cells of the tissue produce the polypeptide for at least one month or 
at least 3 months, more preferably at least 6 months. In this embodiment of the invention, the cells producing the 
polypeptide are nonproliferating cells, such as muscle cells. 

is Another method according to the invention is a method for obtaining transitory expression of a polypeptide in a ver- 
tebrate, comprising the step of introducing a naked mRNA sequence operatively coding for the polypeptide interstitially 
into tissue of the vertebrate, whereby cells of the tissue produce the polypeptide for less than about 20 days, usually 
less than about 10 days, and often less than 3 or 5 days. For many of the methods of the invention, administration into 
solid tissue is preferred. 

20 One important aspect of the invention is a method for treatment of muscular dystrophy, comprising the steps of 
introducing a therapeutic amount of a composition comprising a polynucleotide operatively coding for dystrophin in a 
pharmaceutical^ acceptable injectable carrier in vivo into muscle tissue of an animal suffering from muscular dystrophy, 
whereby the polynucleotide is taken up into the cells and dystrophin is produced in vivo. Preferably, the polynucleotide 
is a naked polynucleotide and the composition is introduced interstitially into the muscle tissue. 

25 The present invention also includes pharmaceutical products for all of the uses contemplated in the methods 
described herein. For example, there is a pharmaceutical product, comprising naked polynucleotide, operatively coding 
for a biologically active polypeptide, in physiologically acceptable administrate form, in a container, and a notice asso- 
ciated with the container in form prescribed by a governmental agency regulating the manufacture, use, or sale of phar- 
maceuticals, which notice is reflective of approval by the agency of the form of the polynucleotide for human or 

30 veterinary administration. Such notice, for example, may be the labeling approved by the U.S. Food and Drug Adminis- 
tration for prescription drugs, or the approved product insert. 

In another embodiment, the invention provides a pharmaceutical product, comprising naked polynucleotide, oper- 
atively coding for a biologically active peptide, in solution in a physiologically acceptable injectable carrier and suitable 
for introduction interstitially into a tissue to cause cells of the tissue to express the polypeptide, a container enclosing 

35 the solution, and a notice associated with the container in form prescribed by a governmental agency regulating the 
manufacture, use, or sale of pharmaceuticals, which notice is reflective of approval by the agency of manufacture, use, 
or sale of the solution of polynucleotide for human or veterinary administration. The peptide may be immunogenic and 
administration of the solution to a human may serve to vaccinate the human, or an animal. Similarly, the peptide may 
be therapeutic and administration of the solution to a vertebrate in need of therapy relating to the polypeptide will have 

40 a therapeutic effect. 

Also provided by the present invention is a pharmaceutical product, comprising naked antisense polynucleotide, in 
solution in a physiologically acceptable injectable carrier and suitable for introduction interstitially into a tissue to cause 
ceils of the tissue to take up the polynucleotide and provide a therapeutic effect, a container enclosing the solution, and 
a notice associated with the container in form prescribed by a governmental agency regulating the manufacture, use, 

45 or sale of pharmaceuticals, which notice is reflective of approval by the agency of manufacture, use, or sale of the solu- 
tion of polynucleotide for human or veterinary administration. 

One particularly important aspect of the invention relates to a pharmaceutical product for treatment of muscular 
dystrophy, comprising a sterile, pharmaceutical^ acceptable carrier, a pharmaceutical^ effective amount of a naked 
polynucleotide operatively coding for dystrophin in the carrier, and a container enclosing the carrier and the polynucle- 

so otide in sterile fashion. Preferably, the polynucleotide is DNA. 

From yet another perspective, the invention includes a pharmaceutical product for use in supplying a biologically 
active polypeptide to a vertebrate, comprising a pharmaceutically effective amount of a naked polynucleotide opera- 
tively coding for the polypeptide, a container enclosing the carrier and the polynucleotide in a sterile fashion, and means 
associated with the container for permitting transfer of the polynucleotide from the container to the interstitial space of 

55 a tissue, whereby cells of the tissue can take up and express the polynucleotide. The means for permitting such transfer 
can include a conventional septum that can be penetrated, e.g., by a needle. Alternatively, when the container is a 
syringe, the means may be considered to comprise the plunger of the syringe or a needle attached to the syringe. Con- 
tainers used in the present invention will usually have at least 1 , preferably at least 5 or 10, and more preferably at least 
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take up and express^ pofynudeSe ,nterSt ' ,,a ' *"* °' 3 tiSSU6 ' wherebv cel,s * the tissue can 

ca^lSS'XSS in SjX^TSi^T °t f ^ coding for a physiologi- 

« comprising the tissue to P^SS^^SZ^ T ^i 3 "* int0 tissue t0 cause c* 

tissue whereby muscle cells prcduceSoK'ti^ ♦ ? ' for eX3mp ' e - may be ,or ''"Auction into muscle 

and the pharmaceutical is ^^S^^^ST^ "** ^ ^ ^ * 

is brate. V 6 ° f 3 vertebrate to "*ibrt translation of polynucleotide in cells of the verte- 

» Polypeptide which is ^c^2^C£S^S^i ^ P °' ynucle0tide se <— ™V code for a 
the secretion of the peptide. therefrom, or may comprise a sequence which directs 

include! a^^^ «• Purred embodiment, the DNA sequence 

may also code for a polymerase to tS^SS^^f 0 " ° n ' y predetermined <*««■ ™e DNA 

5 the injectable preparation may U^^^^^^^ r6C ° 9nition sites for *• P^-se and 

tide^^^^^ 

enzyme, a hormon . XZ^TT^or Ts^lT " f 3 * 16rapeutic P°*W**». «*J may comprise an 
growth factor or other reouh^S^^^ffSiSr ! Ce " "fT 3 regU ' 3t0ry protein ' ™* « a 

■ vertebrate and for ^con^^STorl!^^^^ ™ ^ to d6 ' iver * * ce » ^ a -iving 

deoS^^ fj o ^ **> — «e tissue; in other embodiments the^lynu- 

tebrate by a variety of roS^^^^^r^ ^ PreP3rati ° n te injeCted ^ w 

placed within cavities of the t^^ZZ^^Z* suDoermaHy, .ntrathecal.y, or intravenously, or temay be 
embodiments, the preparation ^ " e ;'f 1°^'™* ^ "° '>™^°Me ^ injected intramuscularly. In still other 
also contemplated as Is inhalaST Wlyniicliotide e impressed into the skin. Transdermal administration is 

includes a means for providing an initakfuant^ ~f Polymerase and the in(ectable preparation further 

Physically present togemer ^DnTZ^^tZZT '" ^ ^ qUM « y <" p ° lymera5e ™» "» 

incorporated into a cell, wherein the pdySde ! SSSSil? ?♦ Permitting *• P° lvn ^eotide to be 

the deficiency or absence of the P o£pSe is colent t i f T T ProduCt ° f the P olvnucle °«de. and whereby 
duced into muscle tissue and h I rSSTaolZZZ^ tk ° embodimen te. the preparation is intro 

ciency or absence is due to a ^ge^ZTj^ ZTrSV, " * advanta 9 eo ^ly applied where thedefi- 

DNA sequence may also be iic^^lSa^S^^ii!^" " DNA *» 

the method, the WynX^cX^^^rSS *' an °' he ' ' )re " s, ™< , ^"dtaem o, 
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,n yet another embodiment of the method, there is provided a therapy .orh^ *tero, 
cleotide coding for a receptor associated with cholesterol homeostas-s » introduced into a liver cell, and the recep 



25 bra, "e e ca"^ab,, is iconic, hypotonic, or weakiy hypertonic, and has . reUttiyefy ,c» 

proyiS by a sirosc solution. The preparation may further advantageously compr^e a source of a oytolcne »h,ch rs 

1 2££ eSdiment. the immunogenic pep«e is associated .* a wu, is presented in 

55 ferred recognition site is a T7 RNA polymerase promoter. 
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* information necessary for expression by a targe ce? sue as S ** H when » na * all the genetic 

administered to the vertebrate by any methaJ tha^delfvers tniZlT Hha Th6Se P^eoWe. can be 

injection into the interstitial space of tissues Z^^^J^ 1 10 0f the verte ^e. such as by 

associated with a ££7£EZ ZZZ^ZT' * f^'*' the P*™*** * to be 

somes, and requires that liposomal ^^^^1^ T'?^ Mc ° r positive| y <*«0ed «P°- 
the polynucleotide may advantageously be f^^^Z^T^ * *" ,iP ° SOma ' material in han * 
>s poiynudeotides into bodily sites w*r/l^ ■*»"■. or to administer 

Polynucleotide M^riflh 

« of the invention comprise DNA and RNA 

nucleotide sequences are nakSin These ^ 

into the cel., for example, the polynucleotide sequences are ftee oZ^ " ^ *"* Can 3Ct *° faci,itate 
may carry genetic information. They are simlaTfre^^ 

transfection, such as liposomal formulations chargedToidsTurh ^ r T P&Ct ta any material whi <* Promotes 

The DNA sequences used in these ml^^J^ " " ° r P****** agents such as CaP0 4 . 

the host cell. These may be non-replicating ^ d ° n0t in,e9rate into the B«»m. of 
to lack the genome-integration ability. se °."ences, or specrf.c repl.cat.ng sequences genetically engineered 

o coding for an antisense RNA; or DNAcodino for tRNA n iruTf ? thera P eu t<c are anti-sense DNA and RNA; DNA 
The poiynudeotides of the invention ^TZZ^rZZ. r ^ 01 defiCient Oogenous molecules 

immunoglobulin of any class, chimeric ani^a,^S52ir2li^Si ? " encom P^es whole 

.ct.es, and fragments, such as F(ab) 2 Fab' Fab and I the£ Z n ^ I . dU3 ' ° f multiple anti 9 en or specif- 
ing of "antibody" are conjugates of such foments and « ^ ?■ ^ A ' S ° induded witnin the mean- 

described, for example, in U.S. Patent NoT^^^^? J"** pr0teins (sin 9 ,e chain ^bodies) as 

Thus, an isolated polynucleotide coding ioX^Tr^M T h&eby incor P° ra ted by reference, 

the present invention, to enable the ^^t^^JiS,^ ?" ,n aCC ° rdance with 

obtaining antibody -encoding polynucleotides wee m ? y ^ For lllustrativ e methodology relating to 

7:799-804 (1989); and Nakatani et £ /oc 5 ^5-8^1989, TnT? S!??" 548 (1989); Gi, "' eS * al W£ 
for example, by binding a surface antigen associated win a oathooen aT r "! T W0L " d eXert 3 thera P«^icI 
idiotypic antibodies (antibodies that bind othiVS^u^^ST^' encoded bodies can be anti- 
Such anti-idiotypic antibodies could bind erKtofleno^forefantS^' 6XamP,e ' US " Patent Na 4 - 69 * 88 <>- 
or prevent pathological conditions bm£^-^S^^ 3 T ^ thereby t0 ameliora te 

Polynucleotide sequences of the invention XS^iSS^r " ^ ° f autoin ™ e d ^se. 
sequences may be used in association with other^uc^P ^ or immunogenic polypeptides, and these 
he expression of these polypeptide* The rZ^^^^^ 00 ^ ** pr ° teins that ™™ 

transcr.pt.on; alternatively, it can act by binding to melES RNA folnlJ 9 *° 96n ° m,C ° NA 30 as ,0 re 9 u,ate *> 
C| ency. 9 10 mes senger RNA to increase or decrease its stability or translation effi- 

The polynucleotide material delivered tn tho ^iio „ 

is not limited to any particular polyntc S£ odi g for anToarS T 7 ° f f ° rmS ' 9nd the ^ ^ tion 

tain only a fragment of a gene, or may code foStS " 9r ° UP ° f » may con- 

t-on and promoter sequences. Plasm.ds conta^^ and ma ^ additiona »y contain recogni- 
andantigensorimmunogenshavebeenreportedSSS 
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Where the polynucleotide is to be DNA, promoters suitable for 
For example, for use in murine systems, suitable ^ ^ be used . M 

expressible, are within the methods contemplated by the mvent.on. synthesized 
With the availability of automated nucleic acid V^^PCR ^^^Ltioa Mo^. ^ 
directly when the nucleotide sequence is known or by a ^^^ynud«M. can be inferred, 
the sequence of the desi ,jd DNA in vitro. For example, 

When the polynucleotide is mRNA. it can be reaany prep templates in the 

conventional techniques utilize phage RNA ff^^^^^^^Sr. such as a T7 origin of replica- 
presence of the individual ribonucleotide triphosphates^ An ^"^3^^ systems utilizing T7 in this 
L site is placed in the template ^"SSSSSSSn Mo.ecu.ar BiCog, § 3.8 

manner are well known, and are described in the ^ratu^ t jnvention is se t forth in 

(Vol.1 1988). One particularly preferred method for ^^^^^^ any similar plasmid that can be 
Examples 2-5. In general, however, it shou d be V^f^^^^^^ number of cDNAs in prac 
readily constructed by those of ordinary sk,l. ,n ^J^^^^^^ for a desired RNA polymerase, 
ticing the present invention. Such plasm,ds may ^antageously < ^ shou|d be a unique 

followed by a S untranslated region, a 3' untransla todrgon. da^ Jra p*y ^ ^ 

restriction site between these 5' and 3' regions ^^^JjS^ari^ cutt ing in the polyadenylation region 
after cloning the plasmid containing ttw * desired provided with a S cap. as demon- 

^ While the foregoing represents a preferred methc, ^^^^^^^^ 
the art that many alternative methods also exist. For ^ ^ Exonucle ase-resistant RNAs 

^cTa^^ 

' ife Crticular, one preferred mRNA is a ^^1^^^^^^^ 
, untrans^reg^ 

m ^ ^uf^ 334:320-325 (1988). hereby incorporated by refer- 

-Ihis materia, may be prepared f,m ^^^KS^S 1 

5 using the method of Been & Cech, Cel. 47.206-21 6 1 1 *^*** v uostream of the gene of interest, following the pro- 

(, ^i«,o,,hep,esen,i^^^ 

. vemaccessbyRNAse.CThisertzymeisanexo,^ 

Such Chemical Mockage can substantially enothen the half Uterf th «» ^ ^Modifier (Catalog # 5204- 

RNAse can be prevented. 
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UnllKe gen, Naples phased In the past, one -^i^"^ ^nSSSSS 
of « pofynucfeotlde synthesis In the celt. (We refei to this ,o gene there- 

s ~ s^eTpTaSprr = a^r „ ^ - - 
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the initial source of RNA poiymS B the TJ r^T J ^ ^ ° ,tianiSm ' * de,ivers »» DNA «< 
DNA. transcribes both genTresuw™ * transjiton ' ' ecognizln 9 *• P™"«» °" «« introduced 
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express po. y nuc.itLTCfbi ^^^^^'2^.?^ their abMity t0 ^ and 
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One application of TGT is in the treatment of muscular dystrophy. The genetic basis of the muscular dystrophy is 
and encodes a rather larg [f ^^^ (aboul 13kb) for dystrophin . very recently reported work is centered 

, uS p Mat..™ -*n, 6238V 102-3 (Sept 14 1989); Rommens, J. et al. Science, 245(4922).1 059-1 065 (September b, 

iSblfbvte ession of the dysfunctional protein within the appropriate lung cells. The bronchial epithe al cells 
TS^^Z^SU lung ceils and they could be accessible to gene transf er ^m^ono 
oenesSto ttw lung Since cystic fibrosis is an autosomal recessive disorder one would need to achieve orrty about 5 A 

ZTT^tXacJiy would have to be attained in order to significantly clear enough of the ™ cul *^ 
Sufso that tie patient I significantly improved. Second, the transferred gene could most often be expressed in a van- 

e«x!^^pSZ?is known that are capable of regulating transcription by binding to specific promc , er 
Zions on nSeir SlMA Other proteins bind to RNA, regulating its degradation, transport from the nucleus, or transla- 

5«s must be delivered intracellular* for activity. Extracellular delivery of recombinant 
™^ pS or «ona. regulatory proteins would not be expected to have ^^JS^i^^S 
ery of the DNA or RNA by TGT would be active. Representative proteins of th.s type that would benefit from TGT would 

^^^^SXS^ distance of an AIDS parent to H,V ^ Introducing 
an A? D TrSce gene, such as, for example, the NEF gene or the soluble CD4 gene to prevent budding into an 
AIDS patient s T cells wil render his T ceils less capable of producing active AIDS virus, thus spanng the cells of the 
SJSSn £ improving his ability to mount a T cel. dependent 

invention a population of the AIDS patient's own T cells is isolated from the patient s blood. These cells are wen vans 
££dfr Wrtl ^^nd then reintroduced back into the patient's blood. The virus-resistant cells w,ll have a selective advan- 
^o^^Tc3Tand eventually repopulate the patient's lymphatic system. DNA systems dehvery to 
mirXges or other targe cells can be used in addition to the extracorporeal treatment strategy. Although this strat- 
egy wSuS not be expected to eradicate virus in the macrophage reservoir, it wil. increase the level of T cells and 

'"Ta^oX^ herein, an effective DNA or mRNAdosage wil, generally be in the range 

of fromlblt o'osTg/kg to abo 9 ut So'mg/kg. usual.y about 0.005-5 mg/kg. However as ^^JSt^ {JJJ 
will varv in a manner apparent to those of skill in the art according to the act.v.ty of the peptide coded for by the DNA or 
mRNA a d th^uTps^de used. For delivery of adenosine deaminase to mice or humans, for example, adequate 
are aclLed with a DNA or mRNA dosage of about 0.5 to 5 mg/kg. See Example 10. From this 
information dosaaes for other peptides of known activity can be readily determined. 

^£^^ t Z£iJ<Sn^ of critical proteins may be appropriately treated by '^^^ 
ized cells DNA or mRNA coding for these proteins. A variety of growth factors such as nerve growth factor an i ibrob 
asfarowth factor hale been shown to affect neuronal cell survival in animal models of Alzheimer's diseasa In the aged 
^^i^rHS^^everssd the loss of cholinergic neurons. In the fimbria-fornix lesion rat. NGF inf^ons 
or sTcfetio ^°om genetically-modified fibroblasts have also avoided the loss of cholinergic function. GMi»^ 
Limbed in patients with Alzheimer's. The expression within the brain of transduced genes expressing growth fac- 

^duc^^ 

ity clTbe uS °n accordance with the present invention in the treatment of Alzheimer's diseasa Ir . partafe the 
Isent inventionieats this disease by intracranial injection of from about 10 M to about 100 « , of DNA or mRNA into 

^eScC^flh <* a stereotaxic a PP aratus - SpeCif iCa " y ' the inieCti ° n iS tarQet l d ? . h XTrna 
n th?mSiai™ptum The DNA or mRNA injection is repeated every 1 -3 days for 5' capped. 3' polyadenylated mRN£ 

and ev^weeMo Tl days for circular mRNA. and every 30 to 60 days for DNA. Injection of DNA ,n accudanc^ 

toeveluLntion is also contemplated. DNA would be injected in corresponding amounts; however, frequency of 
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'^ZTntZT ' y ? iS ° mal ° NA ' f ° r eXamP ' e - C0U ' d be aCtive for 3 number of mont ^ and ^^jection 

would only be necessary upon notable regression by the patient. 

For p« a mS°L the 6r 7 m ! S , reSp ° nsible for "eurotransmitter synthesis could be expressed from transduced genes. 
For example, the gene for choline acetyl transferase could be expressed within the brain cells (neurons or glial) of spe- 
cific areas to increase acetylcholine levels and improve brain function P 

^ a?! Cnti K al 8n f yme f inV °' Ved in Che synthesis ° f oth er neurotransmitters such as dopamine, norepinephrine and 

art oMhe 6 braTn T ^V'* ^ ^ b * ^ inCreaSed b ™°™ ^leZTlc^ 

area of the bra n. The increased productions of these and other neurotransmitters would have broad relevance to 
manipulation of locate* neurotransmitter function and thus to a broad range of brain disease in which disfurbS nei 
retransmitter function plays a crucial role. Specifically, these diseases cou.d Include schizophrenia and mSESpX 

Zl^Z* ? r ^ S ° n ' S DiSeaSa '* iS We " eStabHshed that patients with Parkjns ° n ' suffer from p^esS 
disabled motor control due to the lack of dopamine synthesis within the basa. ganglia. The rate linking sS S 
dopamine syntheses the conversion of tyrosine to L-DOPA by the enzyme, tyrosine hydroxylase L-DoS is then con 
DOpt .? £T7 f, y th ! QnZyme - D ° PA decarbox Wase. That is why IheUi^ahed 

I^c obl^l ( °? 6 feW ^ ° f tr6atment) " Gene therapy cou,d ««*l*«h the simi.ar JLm* 

r^ts^ 

The genetic form of alpha-1 -antitrypsin deficiency can result in both liver and lung disease The liver disease which 
is .ess common, ,s caused by the accumulation of an abnormal protein and wou.d be less amen* le gene Lrapy 
The pulmonary complications, however, would be amenable to the increased expression of alpha-1 JSwSnSK 
the lung^ This should prevent the disabling and eventually lethal emphysema from developing 
* r 7 pha : 1 ; antltryps,n de,i ciency also occurs in tobacco smokers since tobacco smoke decreases alpha-1 -antitrypsin 
activity and thus serine protease activity that leads to emphysema. In addition, some recent data links X^SSI 
antitrypsin effect to aneurysms of the aorta. Aneurysms would also be preventable by raising blood levels SSti-Tanti 
trypsin since th.s would decrease protease activity that leads to aneurysms 

Patients with degenerative disease of the lung could also benefit from the expression of enzymes caoable of 
removing other tox.c metabolites which tend to accumu.ate in diseased lung tissue. Superoxide HS^S^JH 
could be delivered by TGT to ameliorate these problems. aismutase and s catalase 

th e rp T 2L°n^ e t ^ ed ir !, treatm ! n l? ategieS requiring the delivery of ce " surface ^eptors. It could be argued that 

^£^££^«T*°^ ^ fUnCti0na ' in ViV ° de ' iVery ° f 96neS - ^ is ' after an Wished tech- 
nology for the synthesis and large scale production of proteins, and proteins are the end product of gene expression 
Th,s logic applies for many protein molecules which act extracellularly or interact with cell surface receptors such as 

factor (QMCSF), erythropoietin (EPO). etc. However, the drug delivery problems associated with properly deliverina I 
recombinant cel. surface receptor to be inserted in the plasma membrane of its target eel, in to!^o£S££ 
a functional receptor have hithertofore appeared intractable orieniation ror 

■.nvJ!!^"* ° r , RNA COdinQ f ° r 9 Ce " SUrface receptor is delivered intracellularly in accordance with the present 
unctTr,, Z T Pr0t ? C8n bS effiCi6nt,y and functionally expressed on the target cel. surface, .f the pXm o 
functional delivery of recombinant cell surface receptors remains intractable, then the only way of approaching 2s the? 
apeutic moda ty w„. be through gene delivery. Similar logic for nuclear or cytoplasmic "eguLon *n!t£#Zn 

latory factors which bind to RNA to increase or decrease translation^ efficiency and degradation TGT could in this wav 
prov.de therapeutic strategies for the treatment of cystic fibrosis, muscular dystrophy and ty P er C MesZ7JZT * 

mRNA SSaloffhf.nr eS T°' " ^ ^ ™ Y r8duCed * aCC ° rd3nCe W " h * he pr ^ nt ^ntnTZ^ng 
mRNA coding for the LDL surface receptor to hepatocytes. A slight elevation in the production of this receptor in the 

o<7lT > ^ 1 e,6Vated LDL Wi " ^ Si9ni,iCam th6rapeutiC benef its " Thera P ie = " a sed on system* adSst at on 
of recombinant proteins are not able to compete with the present invention, because simply administerinaThe recom 

nserted into the membrane m order to exert its biological effect. It is not usually necessary to regulate the level of receo 
tor expression; the more expression the better. This simplifies the molecular biology fnvolved in preparatio^ /of the 
lv hJ US6 ^ * 8 . PreSent inVenti ° a F ° r 6Xamp,e ' lipid/DNA or RNA com P le ** containing the LDL riltor gene 

ZTerl^Z SUPP T 1 1 ° *V? tiePt by repStitiVe K V inj6Ctions The ,ipid complexes be taken "pSy by 
the l,ve . Some of the complexes w.ll be taken up by hepatocytes. The level of LDL receptor in the liver will increase 

and ch!^ f T*F ? injeC o° nS inCreaS6S - Hi9h6r ' iver LDL receptor levela will lead ^therapeutic^ ZZS^SZS. 
and cholesterol. An effective mRNA dose will generally be from about 0. 1 to about 5 mg/kg 

nhS! < exampleS f beneficial aPP'ications of TGT include the introduction of the thymidine kinase gene into macro- 

SZtTTrT d with "S HIV virus - lntroduction of the thymidine kinase 9ene int0 n™4X£^2£r 

ml nn A7T m m ° re , CaPable 0f P h Wo r W"9 AZT. This tends to overcome their resistance to AZT therapy 
makmg AZT capable of eradicating the HIV reservoir in macrophages. Lipid/DNA complexes containing the thymidTne 
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kinase gene can be prepared and administered to the patient through repetitive intravenous injections. The lipid com- 
plexes will be taken up largely by the macrophage reservoir leading to elevated levels of thymidine kinase in the mac- 
rophages. This will render the AZT resistant cells subject to treatment with AZT. The thymidine kinase therapy can also 
be focused by putting the thymidine kinase gene under the control of the HTLV III promoter. According to this strategy, 
the thymidine kinase would only be synthesized on infection of the cell by HIV virus, and the production of the ta protein 
which activates the promoter. An analogous therapy would supply cells with the gene for diphtheria toxin under the con- 
trol of the same HTLV III promoter, with the lethal result occurring in cells only after HIV infection. 

These AIDS patients could also be treated by supplying the interferon gene to the macrophages according to the 
TGT method Increased levels of localized interferon production in macrophages could render them more resistant to 
the consequences of HIV infection. While local levels of interferon would be high, the overall systemic levels would 
remain low thereby avoiding the systemic toxic effects like those observed after recombinant interferon administration. 
Lipid/DNA or RNA complexes containing the interferon gene can be prepared and administered to the patient by repet- 
itive intravenous injections. The lipid complexes will be taken up largely by the macrophage reservo.r lead.ng to elevated 
localized levels of interferon in the macrophages. This will render them less susceptible to HIV infection. 

Various cancers may be treated using TGT by supplying a diphtheria toxin gene on a DNA template with a tissue 
specific enhancer to focus expression of the gene in the cancer cells. Intracellular expression of diphtheria toxin kills 
cells These promoters could be tissue-specific such as using a pancreas-specific promoter for the pancreatic cancer 
A functional diphtheria toxin gene delivered to pancreatic cells could eradicate the entire pancreas. This strategy could 
be used as a treatment for pancreatic cancer. The patients would have no insurmountable difficulty surviving without a 
pancreas The tissue specific enhancer would ensure that expression of diphtheria toxin would only occur in pancreatic 
cells DNA/lipid complexes containing the diphtheria toxin gene under the control of a tissue specific enhancer would 
be introduced directly into a cannulated artery feeding the pancreas. The infusion would occur on some dosing sched- 
ule for as long as necessary to eradicate the pancreatic tissue. Other lethal genes besides diphtheria toxin could be 
used with similar effect, such as genes for ricin or cobra venom factor or enterotoxin. 

Also one could treat cancer by using a cell-cycle specific promoter that would only kill cells that are rapidly cycling 
(dividing) such as cancer cells. Cell-cycle specific killing could also be accomplished by des.gn.ng mRNA encoding 
killer proteins that are stable only in cycling cells (i.e. histone mRNA that is only stable during S phase). Also, one could 
use developmental-specific promoters such as the use of alpha-fetoprotein that is only expressed in fetal liver cells and 
in hepatoblastoma cells that have dedifferentiated into a more fetal state. 

One could also treat specialized cancers by the transfer of genes such as the retinoblastoma gene (and others of 
that family) that suppress the cancer properties of certain cancers. ( . .. ine acuuell 

The TGT strategy can be used to provide a controlled, sustained del.very of peptides. Conventional drugs, as well 
as recombinant protein drugs, can benefit from controlled release devices. The purpose of the controlled release device 
is to deliver drugs over a longer time period, so that the number of doses required is reduced. This results in improve- 
ments in patient convenience and compliance. There are a wide variety of emerging technologies that are intended to 

achieve controlled release. u»„„,^ w„ 

TGT can be used to obtain controlled delivery of therapeutic peptides. Regulated expression can be obtained by 
using suitable promoters, including cell-spectfic promoters. Suitable peptides delivered by the present invention include, 
for example growth hormone, insulin, interleukins. interferons, GMCSF, EPO. and the like. Depending on the specific 
application, the DNA or an RNA construct selected can be designed to result in a gene product that is secreted from 
the injected cells and into the systemic circulation. 

TGT can also comprise the controlled delivery of therapeutic polypeptides or peptides which is achieved by includ- 
ing with the polynucleotide to be expressed in the cell, an additional polynucleotide which codes for a regulatory protein 
which controls processes of transcription and translation. These polynucleotides comprise those which operate either 
to up regulate or down regulate polypeptide expression, and exert their effects either within the nucleus or by controlling 
protein translation events in the cytoplasm. 

The T7 polymerase gene can be used in conjunction with a gene of interest to obtain longer durat.on of effect of 
TGT. Episomal DNA such as that obtained from the origin of replication region for the Epstein Barr virus can be used, 
as well as that from other origins of replication which are functionally active in mammalian cells, and preferably those 
that are active in human cells. This is a way to obtain expression from cells after many cell divis.ons, without risking 
unfavorable integration events that are common to retrovirus vectors. Controlled release of calcitonin could be obtained 
if a calcitonin gene under the control of its own promoter could be functionally introduced into some site, such as liver 
or skin Cancer patients with hypercalcemia would be a group to whom this therapy could be applied. 

Other gene therapies using TGT can include the use of a polynucleotide that has a therapeutic effect without being 
translated into a polypeptide. For example, TGT can be used in the delivery of anti-sense polynucleotides for turning off 
the expression of specific genes. Conventional anti-sense methodology suffers from poor efficacy, in part, because the 
oligonucleotide sequences delivered are too short. With TGT, however, full length anti-sense sequences can be deliv- 
ered as easily as short oligomers. Anti-sense polynucleotides can be DNA or RNA molecules that themselves hybridize 
to ( and thereby, prevent transcription or translation of) an endogenous nucleotide sequence. Alternatively, an anti- 
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sense DNA may encode an RNA the hybridizes to an endogenous sequence, interfering with translation. Other uses of 
in vein include delivering a polynucleotide that encodes a tRNA or rRNA to reolace a defective or drfiriont 
endogenous tRNA or rRNA. the presence of which causes the pathological condition 

Cell-specific promoters can also be used to permit expression of the gene only in the target cell. For example cer- 
5 ta.n genes are highly promoted ,n adults only in particular types of tumors. Similarly, tissue-specific promoters for spe- 

T Q 0 K f i he ! ye - ^ 3150 b6en idenWied and used in heterologous expression systems 
Beyond the therapies described, the method of the invention can be used to deliver polynucleotides to animal stock 
to .ncrease product.cn of milk in dairy cattle or muscle mass in animals that are raised tor meat 

'<? DNA and mRNA Vacc ina 
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According to the methods of the invention, both expressible DNA and mRNA can be delivered to cells to form 
therein a polypeptide translation product, .f the nucleic acids contain the proper control sequences They w" di ec the 
synthesis of relatively large amounts of the encoded protein. When the DNA and mRNA deLred to he eel codes for 
an immumzmg peptide, the methods can be applied to achieve improved and more effective immunrty aqains^nfectfous 
agents, mcluding intracellular viruses, and also against tumor cells. * 9 inf ectious 

Since the immune systems of all vertebrates operate similarly, the applications described can be implemented in 
all vertebrate systems, comprising mammalian and avian species, as well as fish implemented ,n 

The methods of the invention may be applied by direct injection of the polynucleotide into cells of the animal in vivo 
or by ,„ v,tro transfection of some of the animal cells which are then re-introduced into the animal body 
The polynucleotides may be delivered to various cells of the animal body, including muscle, skin brain lunq liver 
spleea or to the cells of the blood. Delivery of the polynucleotides directly in vivo is pLrably to the ceS of muse Tor 

Z^^^^ into muscle or skin usin9 an iniection ^ They ^ 

It has recently been shown that cationic lipids can be used to facilitate the transfection of cells in certain acolica- 
taon* particu ar.y ,n v,tro transfection. Cationic lipid based transfection technology is preferred over other ^ 

^:^T::7::TT an ca,ci r phosphate ' deae dextran ° r 

ated transfection, as discussed previously, can lead to integration events in the host cell genome that result in oncoaene 
aeration or other undesirable consequences. The knowledge that cationic lipid technology works with^essenger RNA 

arat^ nto * ** T^T b6CaUSe ™ A * tUmed ° V6r rapid,y by intrace ^ nucl6a ** ^TX fnte 

grated into the host genome. A transfection system that results in high levels of reversible expression is preferred to 
a ternative methodofogy requiring selection and expansion of stably transformed clones becaSe many of tne deS£ 
primary target cells do not rapidly divide in culture. y aesirea 

tion ™* ™ £ tranS,< ? Ce " S 3t high effidenCy With Cati ° nic Nposomes provides an alternative method for immuniza- 
tion. The gene for an antigen is mtroduced in to cells which have been removed from an animal The transfected Sis 

Zr fl P n r n9 r h h e anti9ea reinjeCted iPt ° thS animal Where the im ™ ne can respond to ne (n^ndog 

SSLSKScSS can possib,y be enhanced by coiniection of either an adjuvant or ~ es ^VZ 

Vaccination with nucleic acids containing a gene for an antigen may also provide a way to specifically target the cel- 
lular immune response. Cells expressing proteins which are secreted will enter the norma, antigen prSSnc Path- 

sTctfve No^ Ce 3 h r° ral Cy1 ° t0XiC rSSPOnSe - The reSP ° nSe to proteins whicn ^ n't JSSS is more 
InilTrlT Synthesized in cells - Wing only class I MHC molecules are expected to produce 

oZucTZZZ^ EXPreSS L° n ° f thS SamS aPti9en " C6,IS beari "9 both c,ass 1 and molecu^may 

n^S^ZT- 8 -^?^ b ° th Cyt ° t0XiC and he ' Per T Ce " S ' ^cement «* i-mune 
l^n l y als ° bepo f slble bv ,n J ect,n 9 the gene for the antigen along with a peptide fragment of the antigen The 
anbgen is presented v,a class . MHC molecules to the cellular immune system while the pepL is presented vfa class 

immnn.Tr * ■* helper T Ce " S ' any ca8 * thiS method provides a wav "° stimu.at an module the 

immune response in a way which has not previously been possible moauiate me 

A major disadvantage of subunit vaccines is that glycoprotein antigens are seldom modified correctly in the recom- 
f yS,emS " Sed 40 make the anti 9 ens - 'Educing the gene for a g.ycoprotein antigen w! nsure Zt 
LouX T P hu? »hl! '"I' m0d " ied aPd Pr ° CeSSed in the Same species and cells «« the pathogen protefn 
Testes This S ^nZZT" ° M*"^ 8 hUm3n ^ *>Wn wi " contain the correct complement of sugar 
eT££rn?£2 TT ^ b,en demonstrated »* a substantial component of the neutralizing antibod- 

ies in some viral systems are directed at carbohydrate epitopes 

Any appropriate antigen which is a candidate for an immune response, whether humoral or cellular can be used in 
LrSof?? ' S T 6 °' C6,IS C ° U,d be ,ibr0blaStS taken from an individ " al -hich provide a convenient 
Zte l Jt ZT" 9 ° n ' y C ' a f S ' MHC m ° ,eCUl6S - A,ternati ^y- Peripheral blood cells can be rapidly isolated S 
tTnrSlS nT o P n V ,! f SOU T rCS ° f Ce " S C ° mainin9 b0th c,ass 1 and class 11 MH C Proteins. They could be further frac- 
t-onated into B calls, he.per T cells, cytotoxic T ceHs or macrophage/monocyte celts if desired. Bone marrow eel Is in 
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provide a source of less differentiated lymphoid cells. In all cases the cell will be transfected either with DNA containing 
a gene for the antigen or by the appropriate capped and polyadenylated mRNA transcribed from that gene « -a circular 
RNA chemically modified RNA, or an RNA which does not require 5 1 capping. The cho.ce of the transfecting nucleotide 
may depend on the duration of expression desired. For vaccination purposes, a reversible expression of the immuno- 
s oenic peptide as occurs on mRNA transfection. is preferred. Transfected cells are injected into the animal and the 
expressed proteins will be processed and presented to the immune system by the normal cellular pathways. 

Such an approach has been used to produce cytotoxic immunity in model systems in mice. Cell lines, malignant 
continuously growing cells, can be stably transformed with DNA. When cells are injected into animals, they induce (cel- 
lular immunity to the expressed antigen. The cationic lipid delivery system will allow this approach to be extended to 
io normal, non-malignant cells taken from a patient. . 

There are several applications to this approach of targeting cellular immunity. The first is vaccination against 
viruses in which antibodies are known to be required or to enhanced viral infection. There are two strategies that can 
be applied here One can specifically target the cellular pathway during immunization thus eliminating the enhancing 
antibodies. Alternatively one can vaccinate with the gene for a truncated antigen which eliminate the humoral epitomes 
>5 which enhance infectivity. t^ii 
The use of DNA or mRNA vaccine therapy could similarly provide a means to provoke an effective cytotoxic T-cell 
response to weakly antigenic tumors. We propose, for example, that if a tumor-specific antigen were expressed by 
mRNA inside a ceil in an already processed form, and incorporated directly into the Class I molecules on the cell sur- 
face, a cytotoxic T cell response would be elicited. , . , . - i ■ ^ n nr 
A second application is that this approach provides a method to treat latent viral infections. Several viruses (for 
example Hepatitis B, HIV and members of the Herpes virus group) can establish latent infections in which the v.rus is 
maintained intracellular* in an inactive or partially active form. There are few ways of treating such an infections. How- 
ever, by inducing a cytolytic immunity against a latent viral protein, the latently infected cells will be targeted and el.mi- 
nsit&cl 

A related application of this approach is to the treatment of chronic pathogen infections. There are numerous exam- 
ples of pathogens which replicate slowly and spread directly from cell to cell. These infections are chronic, in some 
cases lasting years or decades. Examples of these are the slow viruses (e.g. Visna). the Scrapie agent and HIV. One 
can eliminate the infected cells by inducing an cellular response to proteins of the pathogen. 

Finally this approach may also be applicable to the treatment of malignant disease. Vaccination to mount a cellular 
immune response to a protein specific to the malignant state, be it an activated oncogene, a fetal antigen or an activa- 
tion marker will result in the elimination of these cells. The use of DNA/mRNA vaccines could in this way greatly 
enhance the immunogenicity of certain viral proteins, and cancer-specrtic antigens, that normally elicit a poor immune 
response The mRNA vaccine technique should be applicable to the induction of cytotoxic T cell immunity against 
poorly immunogenic viral proteins from the Herpes viruses, non-A, non-B hepatitis, and HIV, and it would avoid the haz- 
35 ards and difficulties associated with in vitro propagation of these viruses. For cell surface antigens, such as viral coa 
proteins (e g HIV gp120). the antigen would be expressed on the surface of the target cell in the context of the major 
histocompatibility complex (MHC). which would be expected to result in a more appropriate, vigorous and reahst.c 
immune response. It is this factor that results in the more efficacious immune responses frequently observed with atten- 
uated virus vaccines. Delivery of a single antigen gene by TGT would be much safer than attenuated viruses, wh,ch can 
40 result in a low frequency of disease due to inadequate attenuation. 

There is an additional advantage of TGT which can be exploited during the vaccine development phase One of the 
difficulties with vaccine development is the requirement to screen different structural variants of the antigen, for the opti- 
mal immune response. If the variant is derived from a recombinant source, the protein usually must be expressed and 
purified before it can be tested for antigenicity. This is a laborious and time consuming process. With m vitro mutagen- 
esis it is possible to obtain and sequence numerous clones of a given antigen. If these antigen can be screened for 
antigenicity at the DNA or RNA level by TGT, the vaccine development program could be made to proceed much faster 
Finally, in the case of the DNA/mRNA vaccines, the protein antigen is never exposed directly to serum antibody, but 
is always produced by the transfected cells themselves following translation of the mRNA. Hence, anaphylaxis should 
not be a problem. Thus, the present invention permits the patient to be immunized repeatedly without the fear of allergic 
reactions The use of the DNA/mRNA vaccines of the present invention makes such immunization possible. 

One can easily conceive of ways in which this technology can be modified to enhance still further the .mmunogenic- 
ity of antigens. T cell immunization can be augmented by increasing the density of Class I and Class 1 1 histocompatibility 
antigens on the macrophage or other cell surface and/or by inducing the transfected cell to release cytokines that pro- 
mote lymphocyte proliferation. To this end. one may incorporate in the same liposomes that contain mRNA for the anti- 
gen other mRNA species that encode interferons or interleukin-1 . These cytokines are known to enhance macrophage 
activation. Their systemic use has been hampered because of side effects. However, when encapsulated in mRNA. 
along with mRNA for antigen, they should be expressed only by those cells that co-express antigen. In this situation, 
the induction of T cell immunity can be enhanced greatly. 
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Therapeutic Formulations 

Polynucleotide salts: Administration of pharmaceutical ly acceptable salts of the polynucleotides described herein 
is included within the scope of the invention. Such salts may be prepared from pharmaceutical^ acceptable non-toxic 
bases including organ.c bases and inorganic bases. Salts derived from inorganic bases include sodium, potassium lith- 
h™^* ^ h ° m ' magnesium ' and the ,ike - Salts d ^ived from pharmaceutical^ acceptable organic non-toxic 
bases .nclude sate o primary, secondary, and tertiary amines, basic amino acids, and the like. For a helpful discussion 
of pharmaceut.ca. salts, see S. M. Berge et al.. Journal of Pharmaceutical Sciences 66:1-19 (1977) the d scTosuTe oi 
which is hereby incorporated by reference. uis,uosure or 

mMi,iHnL nU , Cl ? ideS fo T r j nieC ! i0a a preferred route of deliv *y. may be prepared in unit dosage form in ampules or in 
. ^e polynucleotides may be present in such forms as suspensions, solutions, or emulsions n oily 
tiZ ?h ? y qUe l US V6hlC lf A,terna,ivel * the Polynucleotide salt may be in lyophilized form for reconstitute at the 
time of delivery, with a suitable vehicle, such as sterile pyrogen-free water. Both liquid as well as lyophilized forms thai 

t^Vf^T* Wi " C ° mPriSe a96ntS ' Preferably buff6rS ' in amounts necessarv to suitably'adjust S PH ofThe 
injected solution. For any parenteral use, particularly if the formulation is to be administered intravenously the total con- 
centration of solutes should be controlled to make the preparation isotonic, hypotonic, or weakly hypertonic. Nonionic 
materia s, such as sugars, are preferred for adjusting tonicity, and sucrose is particularly preferred. Any of these forms 

a9entS ' SUCh 35 StarCh ° r SU9ar ' S,ycero ' or sa ' ine - Tne commit ions per un« 
dosage, whether liquid or sold, may contain from 0.1% to 99% of polynucleotide material 

romnri« U r! S H d0$a f a ™ pule f\ or multidose ^tamers, ™ which the polynucleotides are packaged prior to use. may 
n°Z ? h < ^ V S6aled C ° ntainer enC,0Sin9 an amount <* P^n«cleoMe or solution containing a polynude 
an2 »~ l , r pharmaceutical, y effectiv * dose thereof, or multiples of an effective dose. The polynucleotide is pack- 
uSTuS. formu,at ' on - and the hermetically sealed container is designed to preserve sterility of the formulation 

; ^ . ™® Container in whicn the Polynucleotide is packaged is labeled, and the label bears a notice in the form pre- 
bvtf Jin 90 TS' ^ 6Xample the FOOd and DrU9 Admin ^ation, which notice is reflective ofapprova. 

aSr!JnisSon ' ** manufaCture " use ' or sale of the Polynucleotide material therein for human 

thp F^fff reqU ' r ? I" 3 * USe ° f pharmaceutical a °e n ts in the therapy of humans be approved by an agency of 
istlrSnSS^ ^ eSp ° nS,bility f ° r enforcement is tne responsibility of the Food and Drug Administrate, which 
issues appropriate regulations for securing such approval, detailed in 21 U.S.C. 301-392. Regulation for biologic mate- 

bv ^ mo° S T?or S Z P ; T m T f ? m ^ tiSSU6S ° f 3nima,S iS Dr0vided under 42 U S -C 262. Similar approval i Jrequ^ 
thoTe tn Z an Regulations vary from country to country, but the indivdual procedures are well known to 

Dosage and Route of Administration 

wpii I^hff 396 10 bS administered depends t0 3 ,ar 9 e extent on the condition and size of the subject being treated as 
well as the frequency of treatment and the route of administration. Regimens for continuing therapy, including dosfand 

.SS^SV 9 th li niti f ' r6SPOnSe diniCa ' jUd9ment The Parentera ' route ° f Action into £t£ 

S lr.H f ,S Preferred ' a,thou 9 h other parenteral routes, such as inhalation of an aerdso. formulation, may 

lung? adm,n,stration, as for example to the mucous membranes of the nose, throat, bronchial tisues or 

sue in amounS oTlT'fn * 7™° ^ natad a " aqueous carrier is injected into tis- 

ZTJ^^J&Z™ ^ 1 m ' ^ Site ' ThS C ° nCentrati0n * !" •» lation is 

Regulation of TGT 

Just as ONA based gene transfer protocols require appropriate signals for transcribing (promoters enhancers) and 
s^cturau ^' C ' n9 S P ° ,yadeny,ati0n Si9nals > the mRNA t— ipt. mRNA based TGT requires the approprfate 
tts™ 

In general, translations efficiency has been found to be regulated by specific sequence elements in the 5' non-cod- 

sequence (GCC) CCAJGG (Kozak. Nucleic Acids Res.15:8125 (1987)) and the 5 G 7 methyl GpppG cao structure 
Drummond et al Nucleic Acids Res. 13:7375 (1985)). Negative elements include stable ir«a^eS?UT?2nT 

app'oSTuG He's* UT^I! 1< 1987 » and AUG « open reading frames preceded by an 

appropriate AUG in the 5 UTR (Kozak. £ypia, Rao et al.. Mol. and Cell. Biol. 8:284(1988)). In addition, certain 
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sequence motifs such as the beta globin 5' UTR may act to enhance translation (when placed adjacent to a heterolo- 
gous 5- UTR) by an unknown mechanism. There are also examples of specific 5' UTR sequences which regulate 
eukaryotic translational efficiency in response to environmental signals. These include the human ferritin 5^ UTR 
(Hentze et al Proc. Natl. Acad. Sci. USA 84:6730 (1987)) and the drosophila hsp/0 5' UTR (Klemenz et al., EMBO 
Journal 4-2053 (1985)). Finally, there are viral 5' UTR sequences which are able to bypass normal cap dependant 
translation and translational controls and mediate ann efficient translation of viral or chimeric mRNAs (Dolph et al„ J. 
of Virol. 62:2059 (1 988)). Peiletier and Sonnenberg, Nature 334, 320 (1988)). MRNA based TGT protocols must there- 
fore include appropriate 5' UTR translational elements flanking the coding sequence for the protein of interest. 

In addition to translational concerns. mRNA stability must be considered during the development of mRNA based 
TGT protocols. As a general statement, capping and 3' polyadenylation are the major positive determinants of eukary- 
otic mRNA stability (Drummond, sypia; Ross, Mol. Biol. Med. 5:1(1988)) and function to protect the 5" and 3' ends of 
the mRNA from degradation. However, regulatory elements which affect the stability of eukaryotic mRNAs have also 
been defined and therefore must be considered in the development of mRNA TGT protocols. The most notable and 
clearly defined of these are the uridine rich 3' untranslated region (3' UTR) destabilizer sequences found in many short 
half-life mRNAs (Shaw and Kamen Cell 46:659 (1986)). although there is evidence that these are not the only 
sequence motifs which result in mRNA destabilization (Kabnick and Housman, Mol. and Cell. Biol. 8:3244 (1988)). In 
addition specific regulatory sequences which modulate cellular mRNA half life in response to environmental stimuli 
have also been demonstrated. These include the estrogen mediated modulation of Vitellogenin mRNA stability (Brock 
and Shapiro Cell 34:207 (1983)). the iron dependant regulation of transferrin receptor mRNA stability (Mullner and 
Kuhn Cell 53:815 (1988)) which is due to a specific 3' UTR motif, the prolactin mediated control of Casein mRNA sta- 
bility (Guyette et al., Cell 17:1013 (1989)). the regulation of Fibronectin mRNA stability in response to a number of stim- 
uli (Dean et al J. Cell. Biol. 106:2159 (1988)), and the control of Histone mRNA stability (Graves et al.. Cell 48:615 
(1987)) Finally just as viral RNA sequences have evolved which bypass normal eukaryotic mRNA translational con- 
trols likewise some viral RNA sequences seem to be able to confer stability in the absence of 3 1 polyadenylat.on 
(McGrae and Woodland. Eur. J. of Biochem. 116: 467 (1981)). Some 5\ such as EMC. according to Example 21 , are 
known to function without a cap. This cacophony of stability modulating elements must also be carefully considered in 
developing mRNA based TGT protocols, and can be used to modulate the effect of an mRNA treatment. 

Liposome-formina materials 

The science of forming liposomes is now well developed. Liposomes are unilamellar or multilamellar vesicles, hav- 
ing a membrane portion formed of lipophilic material and an interior aqueous portion. The aqueous portion is used in 
the present invention to contain the polynucleotide material to be delivered to the target cell. 

It is preferred that the liposome forming materials used herein have a cationic group, such as a quaternary ammo- 
nium group and one or more lipophilic groups, such as saturated or unsaturated alkyl groups having from about 6 to 
about 30 carbon atoms. One group of suitable materials is described in European Patent Publication No. 0187702. 
These materials have the formula: 

R 3 

R l OCH 2 -CH-(CH 2 )„-N + -R 4 JT 

OR 2 R 5 

wherein R 1 and R 2 are the same or different and are alkyl or alkenyl of 6 to 22 carbon atoms, R 3 , R 4 , and R 5 are the 
same or different and are hydrogen, alkyl of 1 to 8 carbons, aryl, aralkyl of 7 to 1 1 carbons, or when two or three of R . 
R 4 and R 5 are taken together they form quinuclidino, piperidino, pyrrolidino. or morpholino; n is 1 to 8. and X is a phar- 
maceutical^ acceptable anion, such as a halogen. These compounds may be prepared as detailed in the above-iden- 
tified patent application; alternatively, at least one of these compounds. N-(2,3-di-(9-(Z)-octadecenyloxy))-prop-1-y - 
so N.N.N-trimethylammonium chloride (DOTMA). is commercially available from Bethesda Research Laboratories (BRL), 
Gaithersburg. Maryland 20877, USA. 

These quaternary ammonium diether compounds, however, do have some drawbacks. Because of the ether link- 
ages they are not readily metabolized in vivo. When long-term therapy is contemplated, there is some possibility that 
these materials could accumulate in tissue, ultimately resulting in lipid storage disease and toxic side effects. Accord- 
55 ingly, a preferred class of compositions for use in the present invention has the formula: 
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R'COOCH 2 -CH-(CH 2 ) n -N + -R 4 X" 



COOR 2 R 5 



45 



SO 
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wherein R 1 and R 2 are the same or different and are alkyl or alkenyl of 5 to 21 carbon atoms. R 3 , R 4 and R 5 are the 

. T^Sfl l ydr ?K 9en ; a ' kyl ° f1 10 8 Carb ° nS ' aryl " ara,kyl of 7 10 1 1 carbons ' or when *»o or three of R 3 , 
w R . and R are taken together they form quinuclidino, piperidino. pyrrolidine, or morpholino; n is 1 to 8 and X is a ohar- 

s 7 c C h e a «nuI a o nhT b, t a o 0 t a SUCh f : 3 hal096n - Th6Se com P° unds ™y be prepared using conventional techniques, 

tinn ^SS? ,k T ,nV0,V,n9 3 Carb0XyHC 3Cid 3nd an alkyl halid * b * transesterification. or by condense 
tion of an alcohol with an acid or an acid halide. 

Moreover many suitable liposome-forming cationic lipid compounds are described in the literature. See e g L 
5 Stamatatos, et al., Biochemistry 27:391 7-3925 (1988); H. Eibl, et al.. Biophysical Chemistry 10:261-271 (1979).' ' 

Liposome Preparation 

Suitable liposomes for use in the present invention are commercially available. DOTMA liposomes for example are 
o available under the trademark Lipofectin from Bethesda Research Labs, Gaithersburg Maryland 

nrJ^ZTT eiy ^ t,? 163 bS Prepar6d ,r ° m readi, y avai| able or freshly synthesized starting materials of the type 
ZZSSfZ^ ♦* prepara,ion 0f DOTAP "P 050 ™* is ^"ed in Example 6. Preparation of DOTMA liposomes 
k 2 tUre ' See ' afl - R Fe ' 9ner ' et al ' Proc - Nan Acad - Sci - 84:7413-7417 Similar methods 

- T rl h *° P t repare 'iPOSomes from other cationic lipid materials. Moreover, conventional liposome forming materi- 

' cLZ* rL U ,I!!l , P T are J'^ S ? m ! S h3Vin9 negatiVS Charge ° r neutral char 9 e - Such trials include phosphatidyl 

the ^ 8nd the like ' Th6Se mat6rialS Can a,so ^antageously be mixed with 

the DOTAP or DOTMA starting materials in ratios from 0% to about 75% 

w a ..f rr^T 3 ' me l h ° dS T be US6d 10 PreparS ° ther ' noncationic liposomes. These liposomes do not fuse with cell 
r^iv! or h r 33 03 '° n ! C " P ° somes - However - thev are ^ k en up by macrophages in vivo, and are thus particularly 
2227 1 de ' IV t e ; y , 0 POlynUCleot,de to tnese ce,ls - For exam P'e. commercially dioleoyl-phosphatidyl choline (DOPC) 
SSS^rS^^^i? 0 ^' ^^W^W ethanolamine (DOPE) can be us Jin various comb!: 
naftons to make conventional liposomes, with or without the addition of cholesterol. Thus, for example DOPG/DOPC 

v7 a T?h S /r m nl PreP , ar l by ? yi " 9 50 mQ 6aCh ° f D ° PG and D0PC under 3 Stream of nitr °9 en 9as into a sonication 
Tmni^c l^n c plac ^ f unde [ a vacuum P um P overni 9W and is hydrated the following day with deionized water. The 
sample .s then son.cated for 2 hours in a capped vial, using a Heat Systems model 350 sonicator equipped with an 

Pr ° be 34 ^ maXimUm Settin9 Whi ' e the bath is circu,ated at 15 ° C - Alternately negatively 
charged vesicles can be prepared without sonication to produce multilamellar vesicles or by extrusion through nucle- 

sEre^rr 68 *° Pr0dUCe Unilame " ar VeSiC ' eS ° f diSaete Si2e - ° th6r m6th0dS are known and available to those of 

d^^ r ^ l ^^ n l ■ te » eSC,, ^ be '° W in detaH USing the 23 examples 9 jven below : however - t^ methods 
described are broadly applicable as described herein and are not intended to be limited by the Examples. 

EXAMPLE 1 : PREPARATION OF LIPOSOME- FORMING DOTAP 

rom ^ I 0 ™ "P^e-forming material 1,2-bis(oleo y loxy)-3-(trimeth y lammonio)propane (DOTAP) is prepared as 
reported by L. Stamatatos, et al. (supra) or H. Eibl, et al. (supra) H H 

20°C B w2 3 S r!fZfn!°o S ; 1 m T r !/ ha L 1 mm °' ° f 3 -*^l*P«Wediol (Aldrich) was acylated for 48 hours at 
ether TnlT I chloride (freshly prepared from oleic acid and oxaloyl chloride) in dry, alcohol-free diethyl 

trlt! 1 c ™ T° l ° f dfy Pyridine - The P reci P itate of Py rid '"'^ hydrochloride was filtered off, and the fH- 

S , nitr ° 9en 3nd redisso,ved in 10 ml * hexane. The hexane solution was washed 3 times 

nLoh \Z- / It" methano,/0 ' 1 N ac < ueous N COONa, pH 3.0, 3 times with 1:1 methanol/0.1 N aqueoS 
in * ^seaSd tubTt^ ^.7 Ue ° l ; S 1 ^ C !' The . aUde 3 - bram °" 1 ■2-bis-(oleoly l oxy ) propane was then stirred for 72 hours 
m a sealed tube with a solution of 15% tnmethylamine in dry dimethyl sulfoxide (30 ml) at 25°C. The products of this 

HCOoL W nM tT V fl n Chl0r0, ° rm (2 °° m °' WhiCh W3S rep6atedly Washed with 1:1 methanol/10b mM aqueous 

silTcTc acid So SH A a Rin rIT^'^ *l * ^ 3 " 9ht ye "° W * ™ s material was P ur * ied on 3 column of 
sihcic acid (B,o-SH A. B.o-Rad Laborator.es), eluting with a 0-15% gradient of methanol in chloroform to give the desired 

product m pure form at 9-10% methanol. The purified product was a colorless, viscous oil that migrates with an R ^ 
tone/C^ P,atSS (SNiCa 961 G) ,h3t W6re developed ^ ****** CHC. 3 /ace- 
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EXAMPLE 2: PREPARATION OF PLASMIDS FOR MAKING DNA TEMPLATES FOR ANY GENE OF INTEREST 

Suitable template DNA for production of mRNA coding for a desired polypeptide may be prepared in accordance 
with standard recombinant DNA methodology. As has been previously reported (P. Kreig. et al., Nucleic Acids Res. 
12:7057-7070 (1984)). a 5' cap facilitates translation of the mRNA. Moreover, the 3' flanking regions and the poly A tail 
are believed to increase the half life of the mRNA in vivo. , 

The readily-available SP6 cloning vector pSP64T provides 5' and 3' flanking regions from p-glob.n. an efficiently 
translated mRNA The construction of this plasmid is detailed by Kreig. et al. (supra), and is hereby incorporated by this 
reference Any cDNA containing an initiation codon can be introduced into this plasmid. and mRNA can be prepared 
from the resulting template DNA. This particular plasmid can be cut with Bglll to insert any desired cDNA coding for a 
polypeptide of interest. . 

Although good results can be obtained with pSP64T when linearized and then transcribed in vivo with SP6 RNA 
polymerase we prefer to use the xenopus p-globin flanking sequences of pSP64T with phage T7 RNA polymerase. 
These flanking sequences are purified from pSP64T as the small (approx. 150 bp) Hindlll to EcoRI fragment. These 
sequences are then inserted into a purified linear Hindlll/EcoRI fragment (approx. 2.9k bp) from pIBI 31 (commercially 
available from International Biotechnologies, Inc., Newhaven, Connecticut 06535) with T4 DNA ligase. Resulting plas- 
mids designated pXBG. are screened for orientation and transformed into E. coli. These plasmids are adapted to 
receive any gene of interest at a unique Bglll restriction site, which is situated between the two xenopus p-globm 
sequences. 

EXAMPLE 3: PREPARATION OF PLASMID CODING FOR CHLORAMPHENICOL ACETYLTRANSFERASE 

A convenient marker gene for demonstrating in vivo expression of exogenous polynucleotides is chloramphenicol 
acetyltransferase, CAT A plasmid pSP-CAT containing the CAT gene flanked by the xenopus p-glob.n 5' and 3 
sequences was produced by adding the CAT gene into the Bglll site of pSP64T. We used CAT gene in the form of the 
small BamHI/Hindlll fragment from pSV2-CAT (available from the American Type Culture Collection, Rockville, Mary- 
land Accession No. 37155). However, the CAT gene is commonly used in molecular biology and is available from 
numerous sources. Both the CAT BamHI/Hindlll fragment and the Bglll-cleaved pSP64T were incubated with the Kle- 
now fragment to generate blunt ends, and were then ligated with T4 DNA ligase to form pSP-CAT. 

The small Pstl/Hindlll fragment was then generated and purified, which comprises the CAT gene between the 5 
and 3' p-globin flanking sequences of pSP64T. plBI31 (International Biotechnologies. Inc.) was cleaved w.th Pstl and 
Hindlll and the long linear sequence was purified. This fragment was then combined with the CAT-gene containing 
sequence and the fragments were ligated with T4 DNA ligase to form a plasmid designated pT7CAT An. Clones are 
selected on the basis of p-galactosidase activity with Xgal and ampicillin resistance. 

EXAMPLE 4: PREPARATION OF PURIFIED DNA TEMPLATE 

The plasmid DNA from Example 3 is grown up and prepared as per Maniatis (supra), except without RNAse, using 
2 CsCI spins to remove bacterial RNA. Specifically, E. coli containing pT7CAT An from Example 3 was grown up in 

n ampicillin-containing LB medium. The cells were then pelleted by spinning at 5000 rpm for 10 min. in a Sorvall RC-5 
centrifuge (E I DuPont, Burbank, California 91510), resuspended in cold TE, pH 8.0, centnfuged again for 10 mm. at 
5000 rpm resuspended in a solution of 50 mM glucose. 25 mM Tris-CI pH 8.0. 10 mM EDTA, and 40 mg/ml lysozyme^ 
After incubation for 5 to 10 minutes with occasional inversion, 0.2 N NaOH containing 1% SDS was added, followed 
after 10 minutes at 0° C with 3 M potassium acetate and 2 M acetic acid. After 10 more minutes, the material was again 

45 centrifuged at 6000 rpm. and the supernatant was removed with a pipet. The pellet was then mixed into 0.6 vol. isopro- 
panol (-20° C) mixed and stored at -20° C for 15 minutes. The material was then centrifuged again at 10,000 rpm for 
20 min this time in an HB4 swinging bucket rotor apparatus (DuPont. supra) after which the supernatant was removed 
and the pellet was washed in 70% EtOH and dried at room temperature. Next, the pellet was resuspended in 3.5 ml TE. 
followed by addition of 3.4 g CsCI and 350 nl of 5 mg/ml EtBr. The resulting material was placed in a quick seal tube, 

so filled to the top with mineral oil. The tube was spun for 3.5 hours at 80,000 rpm in a VTiSO centrifuge (Beckman Instru- 
ments Pasadena California, 91051). The band was removed, and the material was centrifuged again, making up the 
volume with 0 95 g CsCI/ml and 0.1 ml or 5 mg/ml EtBr/ml in TE. The EtBr was then extracted with an equal volume of 
TE saturated N-Butanol after adding 3 volumes of TE to the band, discarding the upper phase until the upper phase is 
clear. Next. 2.5 vol. EtOH was added, and the material was precipitated at -20 C for 2 hours. The resultant DNA precip- 

55 itate is used as a DNA template for preparation of mRNA in vitro. 
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EXAMPLE 5: PREPARATION OF mRNA FOR TRANSFECTION 
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The DNA from Example 4 was linearized downstream of the doIv A tail with , D , 

DNA was then purified with two phenol/chloroform extractions ISJh L , 1 ° eSS ° f PStl ' The linearized 

s precipitated with NaOAc (0.3 M) and 2 °JrtumSrt eS ^ ThT by ^ ChloroforrT1 extractions. DNA was then 
deionized water. tOH - The pe,let was suspended at about 1 mg/ml in DEP-treated 

40 mMtpe^d^ ™ ™ 8.0), 80 mM MgC, 50 mM DTT, and 

perature: i volume T7 transcr ^Z^Z ZIZTJ™™"™"* 0ne vo,ume ° f DEP-treated water at room tern- 

cloudiness of the reaction mixture successful transcription reaction was indicated by increasing 

'5 Following generation of the mRNA 2 U R01 DNAco (Pmm m ,\ „ 

and was permitted to digest the template for 15 mi™^ pe ' m,cro 9 ram of DNA template used was added 

and twice with chloroform The supema tam was i W3S eXtraCted lwice with ^loroform/phenol 

was resuspended in ioo „. SJZSSSSi^lnr, ^ M ^ 2 V °' UmeS ° f Et0H ' and *" » P«"« 

» be used in transfection of vertebrates in vivo Mannnei ™ #100 41 1). The resultant mRNA was sufficiently pure to 
EXAMPLE 6: PREPARATION OF LIPOSOMES 

form™^ «- 1 ° DOTAP (from Example 1) in i m,ch,oro- 

Liposomes are prepared by resusoenltSe linLj T and / es,dual so,vent is rem ^ed under vacuum overnight. 
These preparations^ ^2KS^^ 6 ^ ^ "« t0 Cla "* in a closed 

° m^b^^ ° f ? m ' ^eoMe solution (e.g., from Example!, at 0.4 

DOTAP/PE liposomes* 20 mg/m 7aZZtZ^!T, '° * °' 5 S °' Uti ° n ° f S ° niCated D0 ™^ PE or 

will spontaneously deliver the JXnuMe Z Z S I n^ 1 " 6 reSU ' ,S P ° Sitively char9ed com P ,e *es which 
cleotide can be used to su it^artic^ Different ratios of positively charged liposome to polynu- 

r (supra), it may be advantageous^^ "XT"* ' ep0rted by Fe ' 9ner ' * al " " 

20 mM Hepes, pH 7 4) prior to combinVnn th/S 7 ! ( NA) W ' th Hepes buffered saline 050 mM NaCI; 

many instances howet ^e ^seofS^ 

believed to be pr^rir^^l^^JS'S^ T f?" 9 " 1 (Such as sucrose ) ins ^ of saline solution is 
minimizing precipitation of pSS^SS^E ^ ^ * p0 * nucleotide * the cel. by 

EXAMPLE 7: IN VWO EXPRESS.ON OF LIPOSOMALLY AND NON-LI POSOMALLY INTRODUCED mRNA ,N THE 

qu-J^^S^C^^ to cells in vivo and the subse- 

prepared as indicated into thSa^r^^m^fjSl^ * - 9 ^ M ' ° f eaCh 0f the below, 
After 1 2 to 1 4 h the segment o^iS I f ' f^'" 9 3 Six rep " Cates of each formulation were tested 
to 0.2 grams, was i2E ^ZS Sfl 5 m^ ^ ^ ** ^ WSi9hing ^—.y 0.1 
with 200 ml of the an aqueous ^^^Z «ta ™" (K ° nteS ' M ° rt ° n Gr ° ve ' lllinois > t0 9 ether 

Triton x-100 surfactant Th IZZ TSlT^nTJl Zn 0tmp ^ rts: *° mM ^ pH 7 6; 2 mM M 9 Cl ^' ™« 0.1% 
was then covered (with Parafilm) 12 ^^1^ ?^^!!? 3 d '' Sp ° Sab,e pest,e ' The 

nois) and pressurized to 6 atmosphere* ^^mTj^J^T M °' ine ' 
disrupt the tissue and produce a crude ivsat* Thl iv!!! 1 SSl the P ressure w ^ Quickly released to 

the mixture »as again incubated to 2 hours a 37-c „ f . ' " °' 4 mM ^ »« S added, and 

»,an,c *aee ^ rer^ed „ ^ J f^ZRlSSSC ^oT^pST^ 
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were obtained: 



FORMULATION 


mRNA Expression 
(No. positive/total) 


1 . 1 mi Optimem;37.5 ^ig DOTMA 

2. 1 ml Optimem; 15 CAT RNA 

3. Formulation 1 plus 15 jig CAT RNA 

4. 10% Sucrose; 37.5 jig DOTMA; 15 ng CAT RNA 

5. 10% Sucrose; 187 jag DOTMA; 75 *ig CAT RNA 


0/6 
3/6 
4/6 
3/6 
0/6 


Optimem: Serum-free media (Gibco Laboratories, Life Technologies, inc. 
Grand Island, N.Y 14072) 

DOTMA: (Lipofectin brand; Bethesda Research Labs. Gaithersburg, MD) 
CAT RNA: From Example 5 

All formulations made up in DEPC-treated RNAse-free water (International 
Biotechnologies. Inc., New Haven, CT 06535). 
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EXAMPLE 8: mRNA VACCINATION OF MICE TO PRODUCE THE gp120PROTEIN OF HIV VIRUS 

A liposomal formulation containing mRNA coding for the gp120 protein of the HIV virus is prepared according to 

At about 12 to 14 StheTast injection, a segment of muscle is removed from the injection site, and I preparec as , a 
celHysa* ! according to Example 7 .Vhe HIV specie protein g P 120 is identified in the lysate also according to the pro- 

^TeabSy of P gpl20 antibody present in serum of the mRNA vaccinated mice to protect against HIV infection is 
40 ^^^Z^*™ Chesebro. (Rocky Mountain Natfona, Lab, Montana) 

and X ?n clS' RPM. media (BRL, Gaithersburg, MD, The group of cells ^^^^^t 
The batches are infected with HIV by adding approximately 1 0 5 to 10 s infectious units of HIV to approx.mately 10 H 1 4 
6C eel s Sh e ba S attested for the protective effect of gpl 20 immune serum against HIV infection by adding both 
fhe m ^a??lSSSiy 50 Ml °< serum from a mouse vaccinated with gp120 mRNA. After 3 days of tna^Mhe 
45 cel. ^iSaSS?S hashed fixed and stained with crystal violet, and the number of plaques counted. The , protect we 
effed o ^api?0 immune serum is determined as the reduction in the number of plaques in the batches o^reat^cl 
S bolh gpf 2 0 mRNA-vaccinated mouse serum and HIV compared to the number in batches treated w,th HIV alone. 

EXAMPLE 9: mRNA VACCINATION OF HUMAN STEM CELL-BEARING SCID MICE WITH NEF mRNA FOL- 
50 LOWED BY HIV CHALLENGE 

Severe combined immunodef icient mice (SCID mice (Molecular Biology Institute, (MBI), La Jolla, CA 92037)) ^were 
rJ^TS^t human periphera. blood lymphocyles by injection into ^S^^^nffc?HTi 
method of Mosier (Mosier et at.. Nature 335:256 (1988)). Intraperitoneal injection of 400 to 4000 mfect ous unite of Hiv 
55 71s IhTpe fo med The mice were maintained in a P3 level animal containment facility in sealed glove boxes. 

MRNA codVng for the nef protein if HIV was prepared by obtaining the nef gene in the form of - P^£^ 
from the NIAID Rockville. MD 20852); removing the nef gene from the plasmid; inserting the nef gene in the pXBG 
plaTrT f 1 CanscrSn; and purifying the transcription product nef mRNA as described in Examples 2 through 5. The 
SS^aSSS incorporated into a formulation according to Example 6. 200 microliter tail ve.n motions of a 10 A 



20 



3NSOOCID: <EP 07377 50A2__L> 



EP 0 737 750 A2 



40 



45 



50 



55 



sucrose solution containing 200 ug/ml NEF RNA and 500 ug/ml 11 DOTAPDOPF r,n rma/,- 
were performed daily on experimental animals while contrni »n J a c r, 0 RNA/I.posome complex form) 
Plexes containing 200 ug/ml yeas , tRNA and^J^SSS^, ^ ™ M ^°™ com- 

tion, biopsy specimens were obtained from ^SZmS^^m At * 4 a " d 8 W6ekS post in J' ec - 

5 same time points, blood sam P .es were dtM^^S^S^r^ ? immu "° h ^ochemistry. At the 
cago, IL) and virus titer by the plaque a8s» dBS^^^ danELIWW ^ Ubs - Chi " 
(Namikawa et al., Scienc ! 242:1684 wi^3^ T^"^ H ' V ' 1 W3S Performed as describ ^ 

counted and the number of infect ed ce s per Z f ™ Positive cel,s ™* 

2 fo.d reduction in the number of po^tive'staintg XJ^ob^^^"^ « *"* ^ at ' eaSt 3 
,o reduced by at least 50%. Together, these results indicaLTm^f ♦ ! S ' 3nd t,ter and p24 expression was 

A volume of 200 M l of the formulation ^ ^""'^ ef,6Ct ° f ,he (/ " wVo > treat ™*- 

sucrose is injected Jo ST^S^^ « f ° 1 1 DOTA ™°^ in 10% 

n.zation, the mice are challenged by infection with an ZjSveTse 7w * 3 h ° n6 Fo,,owin 9 immu " 
drawn from the tail vein and monitored for production £ES£^ h^* ? ^ periodical, y with " 
'5 Labs, Chicago, IL). * ° tf1e cnarac «enstic HIV protein p24 by an ELISA kit assay (Abbott 

EXAMPLE 10: A METHOD OF PROVING ADENOSINE DEAMINASE TO M.CE BV ,N VIV0 mRNA TRANSFEC- 

Bglll linkers and then digested with Bqlll The moi ,1.1 ° L 4 "' 1 712 (1 984) - " is "unt-ended. ligated to 

transcribed and purged Lading t E^Xs^lTaZ '" TTfnT *" ^ «* ° f pXBQ ADA s 
according to Example 6. Balb 3T3 n^S^^£lTS^ T"* * incorporated a formulation 
« 200 ug/ml of ADA mRNA, and 500 ,g/ml DOTAP^oTslrose ™ * *'" 8 f ° rmu,ation ' 

6.8 saturated ammonium sulfate^-propylalcoS^ Th ' n Chromatography (0.1 M NaPipH 

strate adenosine. °Pyaicohol/l 00.60.2) .s used to separate the radioactive inosine frormthe sub- 

«AMP LE „: M V.VO E XPR ES S,ON OP PURE RNA AND DNA ,N JEC T E D D,R E CTmN TO mE MUSCLES 0F 

and RNA *e,e injected in 0. 1 ml of solutta in a te fXetauoSr^ mUK ' e "" , **="' * uali2e<J - « 

York (1989). a ' (tdS > Curren < Protn ™'s '" Molecular Biology John Wiley and Sons New 

RNA^edo^ rc^oT ed 35 ^ ^ ^ ~ ^ 

lated sequences and a 3' poly A tract transferase ^ ^ cod,n 9 sequences flanked by 5' and 3' p-globin untrans- 

Plastic pestle (Kontes) for one minute. In order to ensure^om^ h v , IT" X) ' 3nd 9rindif19 ,he muscle a 



>: <EP_0737750A2J_> 



21 



EP 0 737 750 A2 

a*ity by inching the reaction mirfures -or 2 hours •* C«.ch,oramphe*o,. *— «• — *» - 
chromatography, all as described in Example 7. « chnuinn OAT activity within extracts of the 

. . M.- i--** c-m^i^ irtratinnc are as follows: 



iniSdSvI v^Udui i^cp^ 1 ... 

versions are at the bottom. Sample locations are as follows. 

Lanes 1 and 1 3: Control fibroblasts 

Lanes 2 and 1 4: Muscle injected only with 5% sucrose 

Lanes 3 and 1 5: 0.005 units of non-injected, purified CAT standard 

m lanes 4 and 16: 0.05 units of purified CAT (Sigma) 

ttnS 5 to 8: Muscle injected with 100 ^g of pgCAT P gA n RNA in 5% sucrose 



15 



Lanes 11, 12 
and 17 to 20: 
Lanes 9 and 10 

Lanes 21, 22; 

Lanes 23, 24 



20 



25 



30 



TJ™ V pRSvS lipo.ec.ed. ««h 60 „ o. DOTMA, into a 50% contluen, 60 mm p,a«e d 3T3 
20 of pRsvCAT calcium phosphate lipolected imo a S0% confluent 60 mm plate ol 3T3 cells. 

ent in the injection and extraction technique, smce s.gn.f.cant ^^.^S^xdsJd for measurement of CAT 
VCAT-transfected fibroblasts were injected into the muscle sites and ,mmed ^ N e ^ N 7 CAT vectors , indicating 
activity. CAT activity was also recovered from abdominal muscle injected with the RNA or DNA oai 
that other muscle groups can take up and express polynucleoftdes. 

EXAMPLE 12: S.TE OF IN V.VO EXPRESS.ON OF PURE DNA INJECTED DIRECTLY ,NTO THE MUSCLES OF 



MICE 



35 



40 



45 



50 



55 



The site „ g^e expression in iniected muscle was 

rh7irc;^^^m= 

was counterstained with eosin. 

The photographed sections (Figure 2) are as follows: 

(A,: Cross-sec.ono, control mus d e in,™ 

(B) (C) and (D) : Cross-sections of a muscle injected with pRSVLacZ at ioua. 

S longitudinal section of another muscle injected with pRSVLacZ 160* 
(F) (G) and (H): Serial cross-sections of the same muscle that are 0.6 mm apart. 

Approximately 60 musde ce..s of the approximately 4000 cells (15*] I that comprise the entire 
^^^^ 

-w^sc^^^^ 
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appeared in their bordering areas. This most likely represents an artifact of the histochemical p-galactosidase stain in 
which the reacted X-gal product diffuses before precipitating. y-wcrosuase stain in 

Similar results are obtained with linear DNA. 

> EXAMPLE 13: DOSE-RESPONSE EFFECTS OF RNA AND DNA INJECTED INTO MUSCLES OF MICE 

- Sa,ni: r a sxtjt (Luc ' 

The Figures 3 A to 3 C illustrate the results of the following: 

20 3(A) Luciferase activity measured 18 hours following the injection of varying amounts of BgLUCBqA RNA in 20* 
sucrose and 4 days following the injection of varying amounts of pRSVL in 20% sucrose ,n 20 /o 

fX^SS ?f ^ 31 Varyin9 timSS after 20 " 9 of PaWCPgAn RNA were lipofected into a million 3T3 

^S^^ 5 ! r9C - Nqt1 Arqd Rri 1 ,SA 86:6077-6081 (1989), and after °00 H g of fW to A RNA 

in 20% sucrose were injected into guadriceps. py n 

3(C) Luciferase activity assayed at varying times after pRSVL DNA was injected intramuscularly. 
A- Level of Gene Exp ression 

he 7::^Zo:?«nm s^^^ the iniection of 10 * g ° f dna to ^ssss^ 

erase A mM.Sn S^S mou^Lhi! ' ° ^J""" 8 more ™ A 3,S ° yielded W^imately ten times more lucf- 
rZ i ? r ? IT ° USe ,,broblasts ,n a 60 mm dish were lipofected with 20 ng of DNA or RNA comolexed with 60 

B. Time Cmirsp of Exp ression 



ty reached a max,mum of 74 pg at 1 8 hours, and then quickly decreased to 2 pg at 60 hours h^SIdSSSSr 

so :;^^t^o^ at 8 hours - Fo,iowin9 dna injecto int ° ™ L °- -^^oSss 

The data in Figure 3B suggest that luciferase protein and the in vitro RNA transcript have a half-life of less than ?4 

55 b"t'an E alJs!s ERS ' STENCE ° F D " A MUSCLE follo ™^ action as determined 8 y SOUTHERN 
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minced into liquid N, and ground with a mortar and pestle. Total cellular DNA and HIRT supernatants were prepared 
Tfm Ausubel et al.ids) m ^ Bidoav. John Wi.ey. New York (1987). Fifteen ****** 

cellular DNA or 10 il out of the 100 nl of HIRT supernatant were digested, run on a 1.0% agarose gel. ransferrec to 
(Sen? ioher and Schue.l. N^w York), using a vaoublot apparatus (LKB) and hybridized with mu tipnmec l«P- 
s luciferase probe (the Hindlll-BamH1 fragment of pRSVL). Following hybridization overnight, the final wash of the mem- 
brane was with 0 2X SSC containing 0.5% SDS at 68°C. Kodak XAR5 film was exposed to the membrane for 45 hours 
at -70°C. 

Figure 4 is an autoradiogram of a Southern blot having a sample pattern as follows: 

w Lane 1 : 0.05 ng of undigested pRSVL plasmid 

Lane 2: 0.05 ng of BamH1 digested pRSVL 

Lane 3: Blank 

Lane 4: BamH1 digest of HIRT supernatant from control muscle 

Lane 5' BamH1 digest of cellular DNA from control, uninjected muscle 

75 Lanes 6 7: BamH1 digest of HIRT supernatant from two different pools of pRSVL injected muscles 

Lanes 8,9: BamH1 digest of cellular DNA from two different pools of pRSVL injected muscle 

Lane 1 0: Cellular DNA (same as Lane 9) digested with BamH1 and Dpn1 

Lane 1 1 : Cellular DNA (Same as in Lane 9) digested with BamH1 and Mbo1 

Lane 12: Cellular DNA digested with Bglll 

20 Lane 1 3: HI RT supernatant digested with Bg 1 1 1 

(Size markers (X/Hindlll) are shown at the left). 

Southern blot analysis of muscle DNA indicates that the foreign pRSVL DNA is present within the muscle tissue for 
at least 30 days (Figure 4. lanes 6-9) and is similar to the levels of DNA present in muscle two and 15 days following 

25 injection. In muscle DNA digested with BamH1 (which cuts pRSVL once; Figure 4, lanes 6-9) the presence of a 5jS kb 
band that corresponds to linearized pRSVL (Figure 4. lane 2) suggest that the DNA is present either in ^ circular^ x* a- 
chromosomal form or in large tandem repeats of the plasmid integrated into chromosome. In muscle DNA d gested with 
Bglll (which does not cut pRSVL), the presence of a band smaller than 10 kb (Figure 4. lanes 12 and 13) and at the 
same size as the open, circular form of the plasmid pRSVL (Figure 4. lane 1) implies that the DNA ,s present extrachro- 

30 mosomally in an open, circular form. The appearance of the pRSVL DNA in HIRT supernatants (Figure 4. lanes 6 .7 
and 13) and in bacteria rendered ampicillin-resistant following transformation with HIRT supernatants also suggest that 
the DNA is present unintegrated. Although the majority of the exogenous DNA appears to be extrachromosomal, low 
levels of chromosomal integration cannot be definitively excluded. Overexposure of the blobs did not reveal smears o 
hybridizing DNA larger than the 10 kb that would represent plasmid DNA integrated at random sitesjhe sens.t.v,ty of 

35 the pRSVL DNA is muscle to DPNI digestion (Figure 4. lane 1 0) and its resistance to Mbol digestion (Figure 4, lane 1 1 ). 
suggests that the DNA has not replicated within the muscle cells. 

EXAMPLE 15: IN VIVO EXPRESSION OF PURE DNA IMPLANTED DIRECTLY INTO THE MUSCLE OF MICE 

40 pRSVL DNA was precipitated in ethanol and dried. The pellet was picked up with fine forceps and deposited into 
various muscle groups as described in the preceding examples. Five days later the muscle was analyzed for luciferase 
activity as described in Example 13. The DNA was efficiently expressed in different muscle groups as follows: 



45 



50 



Implant: 


Luciferase Activity (Light Units, LU) : 


25 pRSVL DNA 


Control 


Biceps 


Calf 


Quadriceps 




428 


46420 


27577 


159080 




453 


53585 


34291 


35512 






1171 


106865 








53397 


105176 








499 


40481 
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° EUVER,f INT ° IN ™™™« L INJECTION 0 F ONA, DNA/CL COM- 



10 



15 



20 



25 



30 



35 



40 



45 



suJs™ 

LUL, LLL RUL RML RLL AL fd^nS T *?? infl the mjeC,,0n ' the rat ,un 9 s wer * divided into 7 sections: 

one large -eft J 6 / 31 ^ ^ that ° f ,he h ™ in havin 9 

.eft .ower par* (LlI). The right .^^4^S^£f(iS tht t^JHT ^ (LUL) 

((RLL), and an accessory lobe fAL) Extracts w^ro nZl £Z { t 1 9 * m ' dd,e lobe (RML >' ri 9 ht 'ower lobe 
tubes containing 200 ,1 of ^^S^Z-^^Il^^ S6parate 15 ml micr °" 

with a plastic pestle. (Koni) for one minute TJES? ' mM T 2 a " d Trit0n X) " and 9 rindina *• lung 
was then plac'ed "nder^^^^ the ^ * e ,ur * ^ S 

assays were done on 87.5 „ of iunglxtract out of Tfofc. \o<Z of 22 350^ ^ *" LUdf6raSe 



Injection 



Mock 

25 ng DNA alone 
25 DNA alone 
250 M g DNA alone 
250 ng DNA alone 
250 hq DNA alone 
25 M g DNA/CL 
25 jug DNA/CL 

25 ng DNA/CL 

25 ng DNA/CL 

25 ^g DNA/CL 

25 ng DNA/CL 

Luc Protein 3x10 4 l.u. 

Blank 



RUL 



22.6 

21.2 

21.7 

21.7 

22.9 

21.8 

20.8 

22.9 

22.2 

20.9 

19.8 

20.5 

105.3 

22.5 



RLL 



22.4 

21.5 

21.4 

23.2 

22.5 

21.5 

22.2 

22.0 

23.8 

20.9 

20.0 

20.5 

77.1 



LUL 



21.9 

21.8 

21.3 

21.9 

33.3 

21.8 

19.6 

22.7 

22.1 

20.9 

20.3 

19.8 

98.7 



LML 



21.3 
21.6 

28.5 

23.0 

20.4 

22.3 

21.7 

23.9 

20.6 

20.2 

19.5 

80.0 



LLL 



20.1 

21.9 

22.2 

22.6 

25.4 

20.7 

22.3 

22,8 

22.8 

20.3 

20.1 

19.9 

86.3 



AL 



19.8 

21.2 

21.5 

22.0 

24.3 

20.8 

22.0 



Trachea 



20.3 
19.9 
89.6 



21.3 
21.5 
20.7 

22.18 

21.6 

19.3 

20.1 

19.8 

178.9 



M ° Ck: Va ' UGS are tnose for an ani ™» that received 25 lg of DNA in 0 3 ml 20% 
sucrose ,nto the esophagus. (A sample containing only waL yields 22 5 I u7 

of £ 9 n^f rePreSent SeParate anima ' S that received intratracheal injections 
of 25 ^g of pPGKLuc in 0.3 ml 20% sucrose 

25 Mn nf^rm' 6 ^ 656 "! S6parate anima ' S that received intratracheal injections of 
25 Mg of pPGKLuc complexed with Lipofectin™ in 0.3 ml 5% sucrose 

Luc ?r*L*T*T SaCrtflCed and ' Ung eXtraCtS prepared 2 da * s *** injection 
Luc Protein 10 4 l.u.: represents an animal that received the equivalent of 30 000 

Jhtunrts (l.u.) of purified firefly luciferase (Sigma), and then wTs immSiatel sac 



50 



in the ^ 

l.u. activity above c^ S^^ n T?'r^' 9 SSCti0nS Sh ° W6d Sma " but reliably e,evated 
Experience with the LKB 1251 UmS^^S^-^T ^ COnfirmed the result ' 

luciferase activity. ummometer indicates that these values, although just above background, indicate real 
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EXAMPLE 17: LUCIFERASE ACTIVITY IN MOUSE LIVER DIRECTLY INJECTED WITH DNA FORMULATIONS 

Thp niMA luciferase expression vector pPGKLuc was injected intrahepatically (IH) into the lower part of the left liver 

SSed oCo "«7o-er par, „here ,he lobe was iniected and an uppe, par, p, ». ,*e M Ton, 0. 
injection SIM) and assayed tor luciferase aclivily as described in the preceding examples. 



10 



15 



20 



Mice Intrahepatic Liver Injection 


Luciferase 
(Light Ur 


5 Activity 
its, LU) 




Lower 


Upper 


Blank (20.2 LU) Control: 20% Sucrose Only 

50 jig pPGKLuc + Lipofectin 

50 (ig pPGKLuc + Lipofectin 

50 ^ig pPGKLuc + Lipofectin 

450 ng pPGKLuc 

450 hq pPGKLuc 

450 fig pPGKLuc 


20.8 
35.4 
38.1 
22.1 
43,7 

zaa 

21.7 


23.8 
23.1 
21.4 
22.7 
29,2 
21.7 
20.8 



25 



30 



assays. Luciferase activity was not detected three says after s,m,lar preparafons of pPGKLuc (+ and Upotect.n ; 
were injected into the portal circulation of rats. 

EXAMPLE 18: EXPRESSION OF GROWTH HORMONE GENE INJECTED INTO LIVER AND MUSCLE 

Mice were injected with the pXGHS (meta.othionien promoter-growth *^J^^<^ Sfate w'lter 
M«IT-Crt Biol. 6:3173-3179 (1986)) in both liver and muscle. The m.ce were , place: on 76 mM z.nc sulfate water. 
Later the animals were bled and the serum analyzed for growth hormone using the N.chols GH Krt. 

A Two mice were injected with 20 ^g of pXGHS gene complexed with 60 ng/ml of Lipofectin in 5% sucrose One 

level, while that of the other contained 0.75 ng/ ml growth hormone , arlrireDS i x in the ham- 

B. Three mice were injected with 0.1 ml of 1 mg/ml of pXGHS .n 5% sucrose, 2x m *^^^2^^. 
string muscle, 1x in pectoralis muscle, and 1x in trapezoid muscles on two separate days. The results were as 

45 lows: 



35 



40 



Animal No. 


Growth 


Day 




Hormone(ng/ml):Day 1 


2 


1 


0.6 


0.6 


2 


0.8 


1.0 


3 


0.95 


0.8 


Background: 0.5 ng/ml 
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EXAMPLE 13: AN.BODY PRODUCTS IN M ,CE DIRECTLY INJECTED W.TH A GENE FOR AN ,MMUN,Z,NG 

described in Example 1 1 . Mouse 5 (Figure Ja?XS1SS nth J f ^ * "** aCC ° rdl ' ng ,0 ,he methods 
-sotonic sucrose. Mouse 2 (Figure SB) was NactoTwT^^!^'* 8 ™ SC ' 6 W ' th 20 «> of P ,asmid DNA in 
the injection (Day 0) at the times indicated on^Ti^^j!^ B,00dsam P les we ' e obtain* prior to 
sample was serially diluted and assayed in a *ZL lSs7LV£ V * P ° St ' njeCti0a The serum from each 
« recombinant g P - 12 0 protein made in yeast as theSSj, Bo* «r T iT** ** thS det6Ction of antibod * ^ing 

S?JSS^S5^S^ ,K ^ ' N M ' CE ,NJECTED W ' TH CE "S TRANSFECTED WITH A GENE FOR 

15 

were^nS 2 Sl~rS ^ »»» C **- cells 

added 6. 1 u g of DNA. The quantity of SO ^t^SZ!^- ^ n ^ m ' ° PtiMEM ™ ' Gibc °- '"<=.) were 
ratio) were added to another 0.75 ml O^eS^^S^^"^ °™ A and Ch ° leStero1 in a ^^0 molar 

» 20% (v/v) fetal bovine calf serum was added This ^LTlV™ 1°°?*'"** ^ 1 5 ml 0f °P*» M containing 
confluent cells (approximately one millio Z^terTte) * sTn' " ? T P ' aStiC ^ d ' Sh COntainin 9 80 °" 
rom the plate with trypsin and EDTA treatment ^^^^SS"*?" P ° feCti ° n ' the Ce " S were detached 
10% fetal calf serum. These cells were inject* \(7p) into mil S « ,f d resus P ended in 0-1 ml OptiMEM™ with 
cells. Mouse H (Figure 6A) received an l^J^T^Z^T fl' 9 ™ 6A) W3S injected with ^nsfected 

s the injection (Day 0) and at the times inlaS n Ce 6 The-tm^ **" SamP ' eS Were ° btained P*r to 
example. Both IgG and IgM antibodies were detected 35 ,n the precedin 9 

ceS^ E0FU ^^ 

co, ETSSCSSK^ r ^ ^ Synth6SiS °< RNA express the £ 

of the luciferase coding sequences of to pML^^2S*? *** C ° nSenSUS se ^ uence inserted in place" 
CLacZpGA n template was made by re^Self^TT , *" ^ GLacZ ^n template. The pEM 

EcoRI/Ncol fragment from the encephal^ ° f ^^A n with the 588 bp 

(1986). These EMC 5' untranslatedVuTnce ^^S^S^^JTS^ & * al ' ^1^60:376-384" 
v*ojn ret-culocytes lysates. We demonstrated that^SiSS^T ! * 6ffiCient transla,ion in 
fected mto fibroblasts in culture. The percentaoe of hh » Q r! , a ' S ° d ' rect efficient translation when trans- 
EMCLacZ P GA n RNA than in cells^anS^ 

uncapped or capped P EMCLacZpGA n RNAyi e ,dedTgrea!er Z^ ™ A ' Trans,ecti °n with either 

w* capped pGLacZpGAn RNA. It has rec^yt^?n^SaT2 ^ aiact0 ^ cells than transfection 

of vaccinia-T7 polymerase vectors, can increaL translSon *1 5 ""translated sequence, as a component 

^NM^cadS^USA 86:6 12 6-6130 (1989) ?SSc ,S ^ 4 t0 7 *" (^'roy-Stein. O. et al. 

lation from uncapped messengers. ° sequences ^ have the ability to direct efficient trans- 

EXAMPLE 22: T7 POLYMERASE TRANSCRIPTION IN TRANSFECTED CELL CULTURES 

a, Ssss li'ssssr; exp ; essed off the sv4 ° — - 

demonstrate that T7 polymerase JL^^^S^: 313 fibmb,astS in cu,tur « » 

vectors were used: M 0CCur v,a P lasm| ds. Two different SV40-T7 polymerase expression 



55 



cyto- 



f^Z U ' G, - A: PAR3,32 ' SV4 ° O—**. -P—n - T7 po lym .as 9 p^ein is directed to ^ 
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70 



p-gai 


Ratio: 


Co-Lipofectant: 


template 


template/polymer- 








ase vector 










pSV-G1-A 


pSVNU-G1-A 


pGLacZpGAn 


3:1 


0 


1 




1:3 


0 


1 


EMCLacZpGAn 


3:1 


74 


70 




1:3 


45 


15 



75 



20 



25 



EXAMPLE 23: EXPRESSION OF LUCIFERASE ,N BRAIN FOLLOWING DIRECTED INJECTION OF MESSENGER 
RNA 

Two adun mice and one newborn mouse were injected with the P gLucpgA mRJ^co^J the £ ^ and pre- 
pared according to Exampie 13. In the adult mice, '^^T^^^^^ Tfc- 

™^ 

Parr bomb, and 87.5 p.! was taken for assay. 
The results are as follows: 



Treatment 


Animal 
I.D. 


Hemispl 


lere: 






Left 


Right 


Sham Injection 
pgLucpgA n 


AMra 
AMrb 


649 
1,734 


629 
1,911 


The newborn mouse was injected with 1 y\ 
pgLucpgA n (3.6 pg/jil; 20% sucrose) into the 
bilateral forebrain and tissues were similarly 
orocessed and analyzed. 


Treatment 


Animal I.D. 


Hemisp 


jhere: 






Left 


Right 


pgLucpgA n 


NRr 


1,569 


963 



45 



EXAMPLE 24: FUNCTIONAL EXPRESS.ON OF DYSTROPHIN IN DYSTROPHIC MOUSE MUSCLE IN V.VO 

A plasmid containing the dystrophin gene under control ofthe Rous ! ^^^^^^ 
5 o the X P 21 P .asmid containing the complete £ Ommen Aftera NA, Ferguson-Smrth MA, 

by Kunkel and colleagues. (Brume,ster M Monaco AP, G dlard I EF ^ urn phy 
Kunke. LM. Lehrach H. A 10-megabase phys,ca< map human 0^.^^ 
gene. Genomics 1988 Apr 2 (3) 189- ^^^X^ Monaco AP, Kunke. LM. The complete sequence of 
Muscular Dystrophy. Neuron Vol. 2, 10 9-1029 (1989). £° en ^ T/ (2 v 2 19-26) 200 ug of the plasmid in 100 ul 

55 dystrophin predicts a rod-shaped cito-skeleta protem. <W™g**£t mouse strain lacking the dystrophin gene 
of phosphate buffered saline was injected .nto the ^"^f^^^^^tored 7 Jays post injection by 
product (MDX mouse; Jackson Z sng the same anti-dystrophin 

from KuJ - ™ expression of 
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20 



25 



the dystrophin gene product in the dystrophic mice was detects h» ■ «. 

cross-sections of quadriceps muscle , frorr ^injertS^mafs 2^ P 9 the P3ttem ° f f,uorescen <* observed in 
(Watkins S.C., Hoffman E.P. Siayter H S 2S3l M 7mm' nno, ! ,luorescence P"*™ observed in normal animals, 
ores. Nature 1988, Jun 30; 333 (617 .863-6 ?No^Z^h m ' Cr0SC0 P ic ,0cali2a «°n °< dystrophin in myofi- 

brane of the muscle fiber, so that a o^!^7l£a T " l0Ca "' Zed mdemeath the P |asma ™m- 

ce^nac^^ 

are injected at 5 cm intervals into 2. J2e ^SS^^f 8811 ; 8 - H"* 9 Under "' ght aneSthesia the ^™ 
recovery evaluated by monitoring twitch tenLn a^ m»vS f ° tly ' hr ° U9h the skin without sur 9ery. Patient 
muscle ce..s from an injected areaTe tS^Sil^^ "° ln Edition, biopsies of 300-500 

ana,ysis of the presence of dystr^ ™ Scle «"«*« and biochemical 

muscles, including the intercostal muscles which nZelTrl l e and U Jf" e n S h muscu,ar dystrophy. Respiratory 
-mpa.red muscle groups in patients with muscular dystrophy ^S^^JT^Jil P*«^V important 
sk,n as can the other skeletal muscle groups. The diaphraam cLn rea ° hed by injection throu 9 n *e 
cle to direct injection of plasmid DNA a *i*ragm can accessed by a surg,cal procedure to expose the mus- 

tcth^^ 

invention has been described in the contS ^^J^^f^^ embodimen ^ though the present 
be measured by reference to the scope oHhe ! folwln! J claim^ emb0d ' mentS ' * ,s ,ntend ^ that the full scope of these 



Claims 



sue of a vertebrate is transfected into cells cS SX? Z . ^! "* 0<)uced m™2«o tis- 

3. Us. according to Claim , , herein said immunogenic effect is protective. 

4. U ™"»<°^ herein s^ 

6 - SlnCs. " he ' ein ^ 15 «•* ■» — o. Cass , mai „ nistocompat- 

45 

7. Use according to Claim 1 , wherein said polynucleotide is a mRNA. 

8. Use according to Claim 1 , wherein said polynucleotide is a DNA ooerably linked to a promoter. 
so 9. Use according to Claim 1 , wherein said tissue is muscle. 

10. Use according to Claim 9, wherein said muscle is skeletal. 
^ 11. Use according to Claim 1 , wherein said tissue is skin. 

12. Use according to Claim 1, wherein said tissue is blood. 

13. Use according to Claim 1 , wherein said tissue is within the peritonea, cavity. 



> : <EP 0737750A2J_> 



29 



EP 0 737 750 A2 

^aaoc^ngtoCiaiml.^insa^ 

tissue. 

15. Use according to Claim 1 , wherein said vertebrate is a mammal or a bird. 

1 6. Use according to Claim 1 5, wherein said mammal is a human. 

17 Use according to Claim 1 . wherein said gene product is produced by ce..s of said tissue. 

- * ^^^^^^^^^^ 

from about 9:1 to about 1 :9. 
1 9 Use according to Claim 18, wherein said molar ratio is about 1:1. 
" 20 . Use according to Claim 1, wherein said cationic lipid is DOTMA:DOPE, ODAB:DOPE, DOTAP-OPE, or 

DMRIE:DOPE. 

22 use according to Claim 21 . »teain said ra» is from about 1:1 to about 1 :10. 

23. A iipidfco*— co^io, detined as being a fJ^^T^^^^ 
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